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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON 
Microelectronics. As used herein: 


1. Life support devices to systems are devices or systems 2. A critical component is any component of a life sup- 


which, are intended for surgical implant into the body port device or system whose failure to perform can be 
to support or sustain life, and whose failure to perform, reasonably expected to cause the failure of the life sup- 
when properly used in accordance with instructions for port device or system, or to affect its safety or effecti- 
use provided in the labeling, can be reasonably expec- veness. 


ted to result in a significant injury to the user. 
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SELECTION GUIDE 


SELECTION GUIDE 


EF6801 FAMILY 
8 BIT MICROCONTROLLER PRODUCTS FOR HIGH END MARKET. 


* EF6801 : MCU with enhanced capabilities of 6800 family: 
faster cycle times, new instructions such as multiplication. 


* EF6801U4 : 4K ROM version of 6801 with enhanced 16 bit timer. 


HMOS TECHNOLOGY 6801 6801U4 
CLOCK 1&2 MHZ 1&2 MHZ 
MEMORY 


TIMER e 16 bit free running counter e 16 bit free running counter 


e 1 input capture e 2 input captures 
¢ 1 output compare ¢ 3 output compares 
SERIAL COMMUNICATION 
INTERFACE 


e Full duplex transmitter/receiver independent 
e Data format: NR2 or biphase 

e Clock: ext. or int. bit rate 

e Wake up feature 


PACKAGE DILP 40 / PLCC 44 / CERDIP 40 
OPERATING TEMP. RANGE —40°C to +85°C 
COMPATIBILITY MC6801 MC6801U4 
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EF6804 FAMILY 
8 BIT MICROCONTROLLER PRODUCTS FOR LOW END APPLICATION. 


* EF6804J2_ =: the highest improvement in cost reduction, a microcontroller at a TTL/LS price level. 
* EF6804P2_ : High on-chip feature integration well suited for additional 4 bit application extensions. 


* EF68HCO4P3 :Dedicated to power and data saving applications or requiring protection against mains 
failures (pin compatible with 6804P2) 


* EF68HC04J3 :68HCO4P3 with 12 I/O lines 


[| eanicoass | canicoars 
MEMORY 


2 


8-bit timer with 7-bit 
software programmable 
prescaler 


* Development tool : Hardware development station INICE 
+ Emulator probe EFTMUP4 
+ Cross Assembler MSDOS compatible TSR6804 
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EF6805 FAMILY 
8 BIT MICROCONTROLLER PRODUCTS FOR MID-RANGE APPLICATION. 


* EF6805P2/P6 : Lowcost single chip MCU well suited for economical design with proven capabili- 
ties of 6805 based instruction set. Pin compatible with 6804P2 and 68HCO4P3. 


* EF6805U2/U3 : With 321/O lines and 4K ROM, it is a super general purpose MCU covering a wide 
range of applications such as: answering machine, PC keyboard decoder... 


* EF6805R2/R3 : Same as U2/U3 but with A/D converter on board. 


HMOS TECHNOLOGY 6805P2/P6 6805U2/U3 6805R2/R3 
MEMORY 
<a 1Kx8/1.8Kx8 2Kx8/ 4Kx8 2Kx8/ 4Kx8 

VO PORT 
7-bit 

PACKAGE DIL28 — cuaeeeconitd 

PLCC28 PLCOC44 PLCC44 
COMPATIBILITY MC6805P2/P6 MC6805U2/U3 


* Development tool : Hardware development station INICE 4-8: TSTIN48 
+ Emulator probe TSTMUP5 
+ Cross Assembler MSDOS compatible TSR6805 
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EF6801 


EF6803 


MICROCOMPUTER/MICROPROCESSOR (MCU/MPU) 


» ENHANCED EF6800 INSTRUCTION SET 

=» 8X 8 MULTIPLY INSTRUCTION 

» SERIAL COMMUNICATIONS INTERFACE 
(SCI) 

» UPWARD SOURCE AND OBJECT CODE 
COMPATIBILITY WITH THE 6800 

= 16-BIT THREE-FUNCTION PROGRAMMABLE 
TIMER 

» SINGLE-CHIP OR EXPANDED OPERATION 
TO 64K BYTE ADDRESS SPACE 

2 BUS COMPATIBILITY WITH THE 6800 FAMILY 

2048 BYTES OF ROM (EF6801) 

428 BYTES OF RAM 

64 BYTES OF RAM RETAINABLE DURING 

POWERDOWN 

2 29 PARALLEL I/O AND TWO HANDSHAKE 
CONTROL LINES 

a INTERNAL CLOCK GENERATOR WITH 

DIVIDE-BY-FOUR OUTPUT 

— 40°C TO + 85°C TEMPERATURE RANGE 

= —40°C TO + 105°C TEMPERATURE RANGE 


PIN CONNECTIONS 


| 
Standby 


May 1989 


P SUFFIX 
(Plastic Package) 


i, 


FN SUFFIX 
(PLCC44) 
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EF6801-EF6803 


DESCRIPTION 


The EF6801 is an 8-bit single-chip microcomputer 
unit (MCU) which significantly enhances the capa- 
bilities of the 6800 family of parts. It includes an up- 
graded 6800 microprocessor unit (MPU) with 
upward-source and object-code compatibility. Ex- 
ecution times of key instructions have been im- 
proved and several new instructions have been 
added including an unsigned multiply. The MCU can 


Figure 1 : 6801/6803 Bock Diagram. 


Expanded Multiplexed 


Expanded Non-Multiplexed 


Single Chip 


(1) No functioning ROM in EF6803 


function as a monolithic microcomputer or can be 
expanded to a 64K byte address space. It is TTL 
compatible and requires one + 5V power supply. 
On-chip resources include 2048 bytes of ROM, 128 
bytes of RAM, a Serial Communications Interface 
(SCI), parallel 1/O, and a three function Programm- 
able Timer. The EF6803 can be considered as an 
EF6801 operating in Modes 2 or 3. EF6801 MCU 
Family features include : 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C is configured to drive Darlington bases or sink LED 
can be obtained from : loads. 
Ty = TA+(Pp - ua) (1) An approximate relationship between Pp and Ty (if 
Where : Ppont is neglected) is : 
TA = Ambient Temperature, °C Po=K+ (Ty + 273°C) | (2) 
6Ja= Package Thermal Resistance, Junction  S0lving equations 1 and 2 for K gives : 
-to-Ambient, °C/W K = PD + (Tas 273°C) + 8un * Po* (3) 
Pp = Pint + Prort Where K is a constant pertaining to the particular 


Pint = lec x Voc, Watts - Chip Internal Power _—-~Part. K can be determined from equation 3 by 


rears measuring Pp (at equilibrium) for a known Ta. Using 
Sallis i Power Dissipation, Watts-User _ this value of K the values of Pp and Ty can be ob- 


tained by solving equations (1) and (2) iteratively for 
For most applications Pport<< Pint and can be ne- any value of Ta. 
glected. Pport may become significant if the device 


ABSOLUTE MAXIMUM RATINGS 


Ta 


Operating Temperature Range Ti to Ty 
EF6801/03, EF6801/03-1, EF68A01/03, EF68B01/03 0 to 70 
EF6801/03, EF6801/03-1 : V Suffix — 40 to 85 
EF6801/03, EF6801/03-1 : A Suffix — 40 to 105 


Storage Temperature Range 


| Unit_ 
ecw 


— 55 to + 150 °C 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields ; however, it is advised 
that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit. 
For proper operation it is recommended that Vin and Vout be constrained to the range Vss < (Vin or Vou) < Vcc. Input protection is en- 
hanced by connecting unused inputs to either Vpp or Vss. 


THERMAL DATA 


BJA Thermal Resistance Plastic 50 °C/W 
PLCC 100 


CONTROL TIMING (Vcc = 5.0V + 5%, Vgg = 0, Ta = 0 to 70°C) 


EF6801 EF6801-1 EF68A01 EF68B01 
Symbol Parameter 


ces a cee ee 
Tixras | Gnstal Frequency | 20 | 40 [20 | s0 [20 [ 60 | 20 | 80 | MHz 
Taio | External Oscilator Frequency [20 | 40 [20 | 50 | 20 | 60 | 20 | 80 | MHz 
te | Gnstal Oscilator Sian Up Time | | 100 [ | 100 | | 100 | | 100] mo 
Tees | Processor Gontrol Setup Time [200 | [te] [o[ [ao[ | ns 


[o) 
ol 
— 


ine) 
Oo 
Lh 
oO;oO 


—_ 
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DC ELECTRICAL CHARACTERISTICS 
(Voc = 5.0Vdc + 5%, Vsg = 0, Ta = T, to Ty unless otherwise noted) 


™ 


Input High Voltage RESET es + 4.0 Vec ti + 4.0 Her 
Other Tne rear + 2.0 Perl ee + 2.2 ree 
| Vu | Input Low Voltage =———S—S—sAiI Inputs | Low Voltage All Inputs | Vss — 0.3 | -— 0.3 Vss + 0.8 + 0.8 | Vss — 0.3, -—0.3 Vs5 + 0.8 + 0. as) Vv 
Input Load Current (Vin =O to2.4V) Port 4 0.5 0.8 
SCl 0.8 1.0 
Input Leakage Current —_- 
(Vin = 0 to 5.25V) NMI, IRQ1, RESET 2.5 5.0 
ItTst Hi-Z (off-state) Input Current LA 
(Vin = 0.5 to 2.4V) Ports 1, 2, and 3 
VoH Output High Voltage 
(ILoad =~ 65utA, Voc = Min)’ E, Port 4,SC1,SC2] Vss + 2.4 Vés + 2.4 
(ILoad =— 100A, Voc = Min) Other Outputs | Vss + 2.4 one + 2.4 
VoL Output Low Voltage 
(ILoagd = 2.0MA, Vcc = Min) All wi Vss + 0. a Vss + 0.6 


Internal Power Dissipation 1200 1500 mW 
(measured at Ta = T_ in steady-state 
operation) 
ore Input Capacitance Port 3, Port 4, SC1 12.5 12.5 pF 
(Vin =0, Ta = 25°C, Other Inputs 10 10 
fo = 1.0MHz) 
Vsssp | Vcc Standby Powerdown 4.0 5.25 4.0 5.25 V 
Vsp Powerup 4.75 5.25 4.75 5.25 
| so | | 80 | ma | 


Standby Current Powerdown I ee 


*Negociable to —100u/A (for further information contact the factory) 


EF6801/03 
- 40°C to 
a 85°C / _ Ta 105°C 


EF6801/03 
0°C to + 70°C 
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PERIPHERAL PORT TIMING (refer to figures 2-5) 


100} | ns 
200| {200} | 150| | 100] 


tosp1 Delay Time, Enable Positive Transition to OS3 
Negative Transition 

tosp2 | Delay Time, Enable Positive Transition to OS3 350 300 250 
Positive Transition 

tpwo | Delay Time, Enable Negative Transition to 350 350 300 250] ns 
Peripheral Data Valid 

tcmos | Delay Time, Enable Negative Transition to 2.0 2.0 2.0 2.0 us 
Peripheral CMOS Data Valid 

input Strobe Pulse With 200| [200 _|iso| [aoo| | ns 


so] |4o] | sof | ns 
__tis | Input Data SetupTime Sf 20} | ao] fo} 20] ns 


Figure 2 : Data Setup and Hold Times (MPU read). 


— Read 


/| 

P10-P17 4 

P20-P24 

P40-P47 Data Valid 

Inputs 
Inputs® 
* Port 3 non-latched operation (latch enable - 0) Notes :1.10k Pullup resistor required for Port 2 to reach 0.7 Vcc. 
2. Not applicable to P21. 


3. Port 4 cannot be pulled above Vcc. 


Figure 4 : Port 3 Output Strobe Timing Figure 5 : Port 3 Latch Timing 
(EF6801 single-chip Mode). (EF6801 single-chip mode). 


All Dats 


Data Valid 
Port Outputs 


Y MPU access of Port 3° 


Address 
Bus 


(SO006) 


P30-P37 
Inputs 


* Access matches Output Strobe Select (OSS = 0, aread. OSS = 1, 
a write). 
Note : Timing measurements are referenced to and from a low voltage of 0.8V and a high voltage of 2.0V, unless otherwise noted. 
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BUS TIMING (see notes 1 and 2) 
Number | S¥Mbol Parameter EF6803 | EF6803-1 | EF68A03 | EF68B03 
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | 

| 1 | tye | CyceTime | 4.0 | 20 | 08 | 20 [os7| 20 | 05 | 20 | us | 

430 
| ttr | Clock Rise and Fall Time | | 25 | | 25 | | 25 | | 20 | ns 
T tan [Address HoldTime | 20 | | 20 | | 2 | | io] | ns 
. = 
| tosa_| 


Time to E* 
tosa_| Read Data Setup Time | 80 | | | ns 
town [ReadDataHold Time | 10 | | 10 | 10| | 10] | ns 


Eee 

i 

[19 | toow | Wite Data Delay Time |_| 205[ [a0 | to |_| 120 [ns 
Write Data Hold Time 


tava Muxed Address Valid 200 
Time to E Rise* 
tase Muxed Address Valid 
Time to AS Fall* 
Muxed Address Hold Time i ee 
Delay Time, Eto AS Rise*| 90** | | 
PWasu | Pulse Width, AS Hight 220 | | 


Delay Time, AS to E Rise | 90. | 
Usable Access Time* | 595 | 


* At specified cycle time. 

** tasp parameters listed assume external TTL clock drive with 50% + 5% duty cycle. Devices driven by an external TTL clock with 
50% + 1% duty cycle or which use a crystal have the following tasp specifications : 100ns min. (1.0MHz devices), 80ns min. (1.25MHz 
devices), 65ns min. (1.5MHz devices), 50ns min. (2.0MHz devices). 


Figure 6 : Bus Timing. 


ire}s) 
R/W, Address 
(Non Muxed) 


Addr/Data 
Muxed 


Addr/ Data 
Muxed 


Address 
Strobe {AS} 


Notes: 1. Voltage levels shown are Vi < 0.5V, Vu > 2.4V, unless otherwise specified. 
2 Measurement points shown are 0.8V and 2.0V, unless otherwise specified. 
3. Usable access time is computed by 12+3 -174+4. 
4. Memory devices should be enabled only during E high to avoid Port 3 bus contention. 
is (57 SGS-THOMSON 
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Figure 7 : CMOS Load. 


Test Point a | 


T 


INTRODUCTION 


The EF6801 is an 8-bit monolithic microcomputer 
which can be configured to function in a wide var- 
iety of applications. The facility which provides this 
extraordinary flexibility is its ability to be hardware 
programmed into eight different operating modes. 
The operating mode controls the configuration of 18 
of the 40 MCU pins, available on-chip resources, 
memory map, location (internal or external) of inter- 
rupt vectors, and type of external bus. The configu- 
ration of the remaining 22 pins is not dependent on 
the operating mode. 


Twenty-nine pins are organized as three 8-bit ports 
and one 5-bit port. Each port consists of at least a 
Data Register and a write-only Data Direction Reg- 
ister. The Data Direction Register is used to define 
whether corresponding bits in the Data Register are 
configured as an input (clear) or output (set). 


Figure 9 : Programming Model. 


EF6801-EF6803 


Figure 8 : Timing Test Load Ports 1, 2, 3, 4. 


RL 180 


1NS16 
or Equiv. 


Test Point 


1N4148 
or Equiv. 


C =90pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R= 37kQ for P40-P47, E, SC1, SC2 
= 24kQ for P10-P17, P20-P24 
= 24kQ for P30-P37 


The term "port", by itself, refers to all of the hardware 
associated with the port. When the port is used as a 
"data port" or "I/O port", it is controlled by the port 
Data Direction Register and the programmer has di- 
rect access to the port pins using the port Data Reg- 
ister. Port pins are labled as Pij where i identifies one 
of four ports and j indicates the particular bit. 


The Microprocessor Unit (MPU) is an enhanced 
EF6800 MPU with additional capabilities and 
greater throughput. It is upward source and object 
code compatible with the EF6800. The programm- 
ing model is depicted in figure 9, where Accumula- 
tor D is a concatenation of Accumulators A and B. 
A list of new operations added to the 6800 instruc- 
tion set are shown in table 1. 


The EF6803 can be considered an EF6801 that 
operates in Modes 2 and 3 only. 


8-Bit Accumulators A and B 
Or 16 Bit Double Accumulator OD 


O} Index Register (xX) 


15 SP Ol Stack Pointer (SPI 
15 PC O} Program Counter (PC) 
7 0 
Pada pate [n}z} vic] Condition Code Register (CCR) 


Carry/ Borrow from MSB 
Overftow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 
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OPERATING MODES 


The EF6801 provides eight different operating 
modes (modes 0 through 7), the EF6803 provides 
two operating modes (modes 2 and 3). The opera- 
ting modes are hardware selectable and determine 
the device memory map, the configuration of Port 3, 
Port 4, SC1, SC2, and the physical location of the 
interrupt vectors. 


FUNDAMENTAL MODES 


The eight operating modes can be grouped into 
three fundamental modes which refer to the type of 
bus it supports : Single Chip, Expanded Non-Multi- 
plexed, and Expanded Multiplexed. Single-Chip 
modes include 4 and 7, Expanded Non-Multiplexed 


Table 1 : New Instructions. 


ABX 
ADDD 


accumulator. 


ASLD or LSLD 
shifted into the C-bit. 


Branch never. 
Additional addressing mode direct. 


shifted into the C-bit (same as ASL). 
shifted into the C-bit. 


accumulator. 
Pushes the index register to stack. 
Pulls the index register from stack. 


accumulator. 


In Single-Chip Test Mode (4), the RAM responds to 
$XX80 through $XXFF and the ROM is removed 
from the internal address map. A test program must 
first be loaded into the RAM using modes 0, 1, 2, or 
6. If the MCU is Reset and then programmed into 
Mode 4, execution will begin at $XXFE : XXFF. 
Mode 5 can be irreversibly entered from Mode 4 
without asserting RESET by setting bit 5 of the Port 
2 Data Register. This mode is used primarily to test 
Ports 3 and 4 in the Single-Chip and Non-Multi- 
plexed Modes. 


EF6801 EXPANDED NON-MULTIPLEXED MODE 
(5). A modest amount of external memory space is 


instruction | _——~=S™S~S~SCSCSsriptfon SSS 


Unsigned addition of accumulator B to index register. 
Adds (without carry) the double accumulator to memory and leaves the sum in the double 


Shifts the double accumulator left (towards MSB) one bit ; the LSB is cleared and the MSB is 
Branch if higher or same ; unsigned conditional branch (same as BCC). 

Branch if lower ; unsigned conditional branch (same as BCS). 

Loads double accumulator from memory. 

Shifts memory or accumulator left (towards MSB) one bit ; the LSB is cleared and the MSB is 


Shifts the double accumulator right (towards LSB) one bit ; the MSB is cleared and the LSB is 


Unsigned multiply ; multiplies the two accumulators and leaves the product in the double 


Stores the double accumulator to memory. 
Substracts memory from the double acccumulator and leaves the difference in the double 


Internal processing modified to permit its use with any conditional branch instruction. 


is Mode 5 and the remaining five are Expanded 
Multiplexed modes. Table 2 summarizes the char- 
acteristics of the operating modes. 


EF6801 SINGLE-CHIP MODES (4, 7). Inthe Single- 
Chip Mode, the four MCU ports are configured as 
parallel input/output data ports, as shown in 
figure 10. The MCU functions as a monolithic micro- 
computer in these two modes without external ad- 
dress or data buses. A maximum of 29 I/O lines and 
two Port 3 control lines are provided. Peripherals or 
another MCU can be interfaced to Port 3 in a loose- 
ly coupled dual processor configuration, as shown 
in figure 11. 


provided in the Expanded Non-Multiplexed Mode 
while significant on-chip resources are retained. 
Port 3 functions as an 8-bit bidirectional data bus 
and Port 4 is configured initially as an input data port. 
Any combination of the eight least-significant ad- 
dress lines may be obtained by writing to the Port 4 
Data Direction Register. Stated alternatively, any 
combination of AO to A7 may be provided while re- 
taining the remainder as input data lines. Internal 
pullup resistors pull the Port 4 lines high until the port 
is configured. 


Figure 12 illustrates a typical system configuration 
in the Expanded Non-Multiplexed Mode. The MCU 
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interfaces directly with 6800 family parts and can ac- external memory ($100-$1FF) and can be used as 
cess 256 bytes of external address space at $100 a memory page select or chip select line. 
through $1FF. lOS provides an address decode of 


Table 2 : Summary of EF6801/03 Operating Modes. 


Common to all Modes : 
Reserved Register Area 
Port 1 
Port 2 
Programmable Timer 
Serial Communications Interface 


Single-chip Mode 7: 
128 Bytes of RAM, 2048 Bytes of ROM 
Port 3 is a parallel I/O port with two control lines. 
Port 4 1s a parallel 1/O port. 
SCi is input strobe 3 (IS3). 
SC2 is output strobe (OS3). 


Expanded Non-multiplexed Mode 5: 
128 Bytes of RAM, 2048 Bytes of ROM 
256 Bytes of External Memory Space 
Port 3 is an 8-bit data bus. 

Port 4 is an input port/address bus. 


SC1 Is input/output select (IOS). 
SC2 is read/write (R/W). 


Expanded Multiplexed Modes 1, 2, 3, 6*: 
Four memory space options (64K address space). 
(1) No Internal RAM or ROM (mode 3) 
(2) Internal RAM, no ROM (mode 2) 
(3) Internal RAM and ROM (mode 1) 
(4) Internal RAM, ROM with Partial Address Bus (mode 6) 
Port 3 is multiplexed address/data bus. 
Port 4 is an address bus (inputs/address in mode 6). 
SC1 is address strobe (AS). 
SC2 Is read/write (R/W). 


Test Modes 0 and 4: 
Expanded multiplexed test mode 0. 
May be used to test RAM and ROM. 
Single chip and non-multiplexed test mode 4. 
(1) May be changed to mode 5 without going through reset. 
(2) May be used to test ports 3 and 4 as I/O ports. 


* The EF6803 operates only in modes 2 and 3 
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Figure 10 : Single-chip Mode. 


EF6801 


Port 1 Port 3 
8 1/0 Lines 8 1/0 Lines 
iS3 


053 


Port 4 


- Port 2 
8 1/0 Lines 


5 {/0 Lines 
Serial 1/0 
16-Bit Timer 


Vcc 


E XTAL 1 


NM 
tRQ1 
Vcc Standby Vac Standby 


RESET 
RESET rere s EF6801 


EXTAL2 


Port 1 Port 3, 81/0 Lines 


81/0 
Lines 


Port 2 
5 170 Lines 
sci 
16-Bit Timer Port 2 


5 1/0 Lines 
SCI 
16-Bit Timer 


Vcc Standby 


ACSET EF6801 


Port 1 Port 3 
81/0 Lines 8 Data Lines 
R/W 
Port 2 pan 
10S 
51/0 
Port 4 
Lines ae 
Serial 1/0 iG fo) 
16-Bit Timer ress Lines 


10/49 


{ SGS-THO 
Sf | Seaton, 


22 


EXPANDED-MULTIPLEXED MODES (0, 1, 2, 3, 6). 
A 64K byte memory space is provided in the ex- 
panded multiplexed modes. In each of the ex- 
panded multiplexed modes Port 3 functions as a 
time multiplexed address/data bus with address 
valid on the negative edge of Address Strobe (AS), 
and data valid while E is high. In Modes 0 to 3, Port 
4 provides address lines A8 to A15. In Mode 6, how- 
ever, Port 4 initially is configured at RESET as an 
input data port. The port 4 Data Direction Register 
can then be changed to provide any combination of 
address lines, A8 to A15. Stated alternatively, any 
subset of A8 to A15 can be provided while retaining 
the remaining port 4 lines as input data lines. Inter- 
nal pullup resistors pull the Port 4 lines high until 
software configures the port. 


In Mode 0, the Reset vector is external for the first 
two E-cycles after the positive edge of RESET, and 
internal thereafter. In addition, the internal and ex- 
ternal data buses are connected so there must be 
no memory map overlap in order to avoid potential 
bus conflicts. Mode 0 is used primarily to verify the 
ROM pattern and monitor the internal data bus with 
the automated test equipment. 


Only the EF6801 can operate in each of the ex- 
panded multiplexed modes. The EF6803 operates 
only in Modes 2 and 3. 


Table 3 : Mode Selection Summary. 


ea ae Ce 
Za aearaeaes 


ee 
rer 
ae 
wie 
ieee 


Legend : Notes : (1 
| - Internal 
E - External 


NMUX - Non-Multiplexed 
L - Logic "0" 

H - Logic "1" tion Register 
* The EF6803 operates only in Modes 2 and 3 


P22 | P21 | P20 Interrupt 
noo [ EG FE [ Pe [nom [om] ena [ernie [ores 


eee ee OMS eee ee 
pt | NMUX®:®) | Non-multiplexed/partial Decode | 
OY 
pote fa} a fe |e fe | Mux | Muitperedine RAM or ROM 
pt | | MUX | MuttipiexedRAM 
[Pa as 


) Internal RAM is addressed at $XX80 

(2) Internal ROM is disabled 
(3) RESET vector is external for 2 cycles after RESET goes high 

MUX - Multiplexed (4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 1, 2, and 3 
(5) 
(6) 


EF6801-EF6803 


Figure 13 depicts a typical configuration for the Ex- 
panded-Multiplexed Modes. Address Strobe can be 
used to control a transparent D-type latch to capture 
addresses A0-A7, as shown in figure 14. This allows 
Port 3 to function as a Data Bus when E is high. 


PROGRAMMING THE MODE 


The operating mode is determined at RESET by the 
levels asserted on P22, P21, and P20. These levels 
are latched into PC2, PC1, and PCO of the program 
control register on the positive edge of RESET. The 
operating mode may be read from the Port 2 Data 
Register as shown below, and programming levels 
and timing must be met as shown in figure 15. A 
brief outline of the operating modes is shown in 
table 3. 
PORT 2 DATA REGISTER 
7 6 5 4 3 


0 
roa] Pos [Po | Pee | Pa [ ae ret [Poo 


Circuitry to provide the programming levels is de- 
pendent primarily on the normal system usage of 
the three pins. If configured as outputs, the circuit 
shown in figure 16 may be used ; otherwise, three- 
state buffers can be used to provide isolation while 
programming the mode. 


| || Single | Single Chip 


Multiplexed/RAM & ROM 


Addresses associated with Port 3 are considered external in Modes 5 and 6 
Port 4 default is user data input, address output is optional by writing to Port 4 Data Direc- 
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Figure 13 : Expanded Multiplexed Configuration. 


XTAL1 


EXTAL2 
Vcc Standby 


RESET 
EF6801 


EF6E803 
Port 1 ae 3 
8 1/0 Lines EINES 


Port 2 
5 170 Lines 


Sersal 1/0 Address Bus 
16-Bit Timer 


XTAL1 


D 
== ata Bus 


(DO-D7) 
EXTAL2 
Vcc Standby 


EFG6801 Address Bus 
EF6803 (AO A15) 
R/W 


Note : To avoid data bus (Port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high 
time 
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Figure 14 : Typical Latch Arrangement. 


Port 3 74LS373 
Address/ Data (Typical) 


Address Ag A7 


Data Dg 07 


Figure 15 : Mode Programming Timing. 


See Figure 16 


for Diode Arrangement 
VMPOD 


VM 
{P20, P21, P22) PL 
VaapH Min bal hea hen Mode Latch 


Mode Inputs RESET Level 


(P20, P21, P22) 


MODE PROGRAMMING (refer to figure 15) 


Parameter 
Mode Programming Input Voltage Low* 
Mode Programming Input Voltage High 
Mode Programming Diode Differential (if diodes are used) 


RESET Low Pulse Width 


Mode Programming Setup Time 
tMPH Mode Programming Hold Time 
RESET Rise Time > ips 
RESET Rise Time < 1ps 


* For Ta =—40°C to + 105°C, Vmer = 1.7V. 
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Figure 16 : Typical Mode Programming Circuit. 


Control 
Switches 


EF6803 


1. Mode 7 as shown 

2. Re.C = Reset time constant 

3. Ri = 10k (typical) 

4. D=1N914, 1N4001 (typical) 

5. Diode V; should not exceed Vaepp min 


MEMORY MAPS The first 32 locations of each map are reserved for 
The 6801 Family can provide up to 64K byte ad- the internal register area, as shown in table 4, with 
dress space depending on the operating mode. A _—-&XcePtions as indicated. 


memory map for each operating mode is shown in 
figure 17. 


Notes: 
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Figure 17 : EF6801/03 Memory Maps (sheet 1 of 3). 


Multiplexed- Test Mode 


internal Registers 


External Memory Space 


Internal RAM 


Externa! Memory Space 


Internal ROM 


SFFFF(2) 4 7 internal Interrupt Vectors!2) 


_ NOTES: 
1) Excludes the following addresses which may be 


2 


used externally’ $04, $05, $06, $07, and SOF. 
Addresses SFFFE and SFFFF are considered 
external if accessed within two cycles after a 
positive edge of RESET and interna! at all other 
times. 

After two MPU cycles, there must be no over- 
lapping of internal and external memory spaces 
to avoid driving the data bus with more than one 
device. 

This mode is the only mode which may be used 
to examine the interrupt vectors in internal ROM 
using an external RESET vector. 
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EF6801 
Mode 


Multiplexed/ RAM and ROM 


Fe cad 


External Memory Space 
$0080 


Internal RAM 


External Memory Space 
$F800 


SFFFO 
SFFFF 


External Interrupt Vectors 


NOTES: 
1) Excludes the following addresses which may be 
used externally $04, $05, $06, $07, and SOF. 


2) Internat ROM addresses $FFFO to $FFFF are not 
usable. 


{7 SGS-THOMSON A 
7 MICROELECTRONICS 


27 


8¢ 
6y/91 


NOSWOHL-S9S thy 


SOINOELITTIOUIIN 


EF6801 EF6801 
EF6803 EF6803 EF6801 
Mode 2 Mode Mode 


Multiplexed/No RAM or ROM Single-Chip Test 


$0000!1) $0000 


Internal Registers } Internal Registers 
S001F $001F 


Multiplexed/RAM 


Internal Registers 


External Memory Space 


Internal RAM 


External Memory Space Unusable !1)(4) 


External Memory Space 


SFFFO SFFFO $XX80 } Internal RAM 


External Interrupt Vectors 


External Interrupt Vectors SFFFF SXXFF Internal Interrupt Vectors 


SFFFF 


NOTES. NOTES: NOTES: 
1) Excludes the following addresses which may be 1) Excludes the following addresses which may be 1) The internal ROM ts disabled. 
used externally: $04, $05, $06, $07, and SOF. used externally: $04, $05, $06, $07, and SOF. 2) Mode 4 may be changed to Mode 5 without hav- 


ing to assert RESET by writing a one into the 
PCO bit of the port 2 data register. 


Addresses A8 to A15 are treated as ‘‘don’t cares’ 
to decode internal RAM. 


Internal RAM will appear at $XX80 to $XXFF 
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$0000!1) 


EF6801 
Mode 


Non-Multiplexed/Partial Decode 


S001F } Internal Registers 


Unusable 
$0080 


Internal RAM 
SOOFF 


me External Memory Space 


SO1FF 


Unusable 


Internal ROM 


SFFFF Internal Interrupt Vectors 


NOTES: 


1 


2 


) Excludes the following addresses which may not 
be used externally: $04, $06, and SOF (no IOS). 


This mode may be entered without going 
through RESET by using mode 4 and subse- 
quently writing a one into the PCO bit of the port 
2 data register 

Address lines AO to A7 will not contain addresses 
until the data direction register for port 4 has 
been written with ones in the appropriate bits. 
These address lines will assert ones until made 
outputs by writing the data direction register. 


EF6801 
Mode 


Multiplexed/ Partial Decode 


Internal Registers 


External Memory Space 


Internal RAM 


External Memory Space 


Internal ROM 
Internal Interrupt Vectors 


NOTES. 
1) Excludes the following addresses which may be 
used externally. $04, $06, and SOF. 


2) Address lines A8-A15 will not contain addresses 
unti! the data direction register for port 4 has 
been written with ones in the appropriate bits 
These address lines will assert ones until made 
outputs by writing the data direction register 


EF6801 
Mode 


Single Chip 
} Internal Registers 


Unusable 


} Internal RAM 


Unusable 


Y 
7/7 Internal ROM 
Yj Internal Interrupt Vectors 


‘(€ JO € Jooys) sdeyy Mowe] €0/108945 : Zb eanbizy 


€08945-1089445 


EF6801-EF6803 


EF6801/03 INTERRUPTS 


The 6801 Family supports two types of interrupt re- 
quests : maskable and non-maskable. A Non-Mask- 
able Interrupt (NMI) is always recognized and acted 
upon at the completion of the current instruction. 
Maskable interrupts are controlled by the Condition 
Code Register I-bit and by individual enable bits. 
The I-bit controls all maskdble interrupts. Of the 
maskable interrupts, there are two types :IRQ1 and 
IRQ2. The Programmable Timer and Serial Com- 
munications Interface use an internal IRQ2 interrupt 
line, as shownin figure 1. External devices (and1S3) 
use IRQ1. An|IRQ1 interrupt is serviced before IRQ2 
if both are pending. 


All |RQ2 interrupts use hardware prioritized vectors. 
The single SCI interrupt and three timer interrupts 


FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss 


Vcc and Vss provide power to a large portion of the 
MCU. The power supply should provide + 5 volts 
(+ 5%) to Vcc, and Vss should be tied to ground. 
Total power dissipation (including Vcc Standby), will 
not exceed Pp milliwatts. 


Vcc STANDBY 


Vcc Standby provides power to the standby portion 
($80 through $BF) of the RAM and the STBY PWR 
and RAME bits of the RAM Control Register. Volt- 
age requirements depend on whether the device is 
in a powerup or powerdown state. In the powerup 
state, the power supply should provide +_5 volts 
(+ 5%) and must reach Vsp volts before RESET 
reaches 4.0 volts. During powerdown, Vcc Standby 
must remain above Vspp (min) to sustain the stand- 
by RAM and STBY PWR bit. While in powerdown 
operation, the standby current will not exceed Isss. 


It is typical to power both Vcc and Vcc Standby from 
the same source during normal operation. A diode 
must be used between them to prevent supplying 
power to Vcc during powerdown operation. Vcc 
Standby should be tied to ground in Mode 3. 


are serviced in a prioritized order and each is vec- 
tored to a separate location. All interrupt vector lo- 
cations are shown in table 5. 


The Interrupt flowchart is depicted in figure 18 and 
is common to every interrupt excluding reset. Dur- 
ing interrupt servicing the Program Counter, Index 
Register, A Accumulator, B Accumulator, and Con- 
dition Code Register are pushed to the stack. The 
l-bit is set to inhibit maskable interrupts and a vec- 
tor is fetched corresponding to the current highest 
priority interrupt. The vector is transferred to the Pro- 
gram Counter and instruction execution is resumed. 
Interrupt and RESET timing are illustrated in 
figures 19 and 20. 


Table 4 : Internal Register Area. 


Port 1 Data Direction Register*** 
Port 2 Data Direction Register*** 
Port 1 Data Register 
Port 2 Data Register 


Port 3 Data Direction Register 
Port 4 Data Direction Register 
Port 3 Data Register 
Port 4 Data Register 


Timer Control and Status Register 
Counter (high byte) 
Counter (low byte) 
Output Compare Register (high byte) 


Output Compare Register (low byte) 
Input Capture Register (high byte) 
Input Capture Register (low byte) 

Port 3 Control and Status Register 


00 


kkk 


kk 


Rate and Mode Control Register 
Transmit/receive Control and Status Register 
Receive Data Register 

Transmit Data Register 13 


RAM Control Register 14 
Reserved 15-1F 


* External addresses in Modes 0, 1, 2, 3, 5, 6 ; cannot be accessed 
in Mode 5 (No IOS) 

** External addresses in Modes 0, 1, 2, 3 

*** 1 = Output, 0 = Input 
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Table 5 : MCU Interrupt Vector Locations. 


* {RQ2 Interrupt 


Figure 18 : Interrupt Flowchart. 


TMP} | 


Stack Machine State 
PC X ABCC 


3 
Y 
ITMP >| 
Vector 3m PC 
RESET | FFFE FFFF 
EXECUTE 


Condition Code Register 


3| 
ON 


A 


O14 


NMI | FFFCFFFO | Non-Maskable Interrupt 

| SWI | FFFAFFFB | Software Interrupt 

| tRQ1 {| FFFBFFFS | Maskable Interrupt Request 1 

Input Capture interrupt 

Output Compare tnterrupt 

Timer Overflow Interrupt 

SCI Interrupt (TORE + RDRF + ORFE! 
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Data Bus 


d 7 : - Irrelevant Vector Vector First Inst of 
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Internal R/W 


MOOS LW SU 


525 V 
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ee tPCsS = (Pcs 
Interné| 
Address Bus 
FFFE FFFE FFFF New PC FFFE FFFE 


FFFE | 'FFFE 
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XTAL1 AND EXTAL2 


These two input pins interface either a crystal or TTL 
compatible clock to the MCU internal clock gener- 
ator. Divide-by-four circuitry is included which allows 
use of the inexpensive 3.58MHz or 4.4836MHz 
Color Burst TV crystals. A 20pF capacitor should be 
tied from each crystal pin to ground to ensure re- 
liable startup and operation. Alternatively, EXTAL2 
may be driven by an external TTL compatible clock 
at 4fo with a duty cycle of 50% (+ 5%) with XTAL1 
connected to ground. 


The internal oscillator is designed to interface with 
an AT-cut quartz crystal resonator operated in par- 
allel resonance mode in the frequency range speci- 
fied for fxtaL. The crystal should be mounted as 
close as possible to the input pins to minimize out- 
put distortion and startup stabilization time.* The 
MCU is compatible with most commercially avail- 
able crystals. Nominal crystal parameters are 
shown in figure 21. 


RESET 


This input is used to reset the internal state of the 
device and provide_an orderly startup procedure. 
During powerup, RESET must be held below 
0.8 volts : (1) atleast trac after Vcc reaches 4.75 volts 
in order to provide sufficient time for the clock gen- 
erator to stabilize, and (2) until Vcc Standby reaches 
4.75 volts. RESET must be held low at least three 
E-cycles if asserted during powerup operation. 


E (ENABLE) 


This is an output clock used primarily for bus syn- 
chronization. It is TTL compatible and is the slightly 
skewed divide-by-four result of the device input 
clock frequency. It will drive one Schottky TTL load 
and 90pF, and all data given in cycles is referenced 
to this clock unless otherwise noted. 


NMI (NON-MASKABLE INTERRUPT) 


An NMI negative edge requests an MCU interrupt 
sequence, but the current instruction will be com- 
pleted before it responds to the request. The MCU 
will then begin an interrupt Sequence. Finally, a vec- 
tor is fetched from $FFFC and $FFFD, transferred 
to the Program Counter and instruction execution is 
resumed. NMI typically requires a 3.3kQ (nominal) 
resistor to Vcc. There is no internal NMI pullup re- 
sistor. NMI must be held low for at least one E-cycle 
to be recognized under all conditions. 


IRQ1 (MASKABLE INTERRUPT REQUEST 1) 


IRQ? is a level-sensitive input which can be used to 
request an interrupt sequence. The MPU will com- 


plete the current instruction before it responds to the 
request. If the interrupt mask bit (I-bit) in the Condi- 
tion Code Register is clear, the MCU will begin an 
interrupt sequence. A vector is fetched from $FFF8 
and $FFF9, transferred to the Program Counter, 
and instruction execution is resumed. 


IRQ1 typically requires an external 3.3kQ (nominal) 
resistor to Vcc for wire-OR applications. IRQ1 has 
no internal pullup resistor. 


SC1 AND SC2 (STROBE CONTROL 1 AND 2) 


The function of SC1 and SC2 depends on the oper- 
ating mode. SC1 is configured as an output in all 
modes except single chip mode, whereas SC2 is al- 
ways an output. SC1 and SC2 can drive one Schott- 
ky load and 90pF. 


SC1 AND SC2 IN SINGLE-CHIP MODE. In Single- 
Chip Mode, SC1 and SC2 are configured as an input 
and output, respectively, and both function as Port 
3 control lines. SCi functions as IS3 and can be 
used to indicate that Port 3 input data is ready or 
output data has been accepted. Three options as- 
sociated with IS3 are controlled by Port 3 Control 
and Status Register and are discussed in the Port 3 
description. If unused, IS3 can remain unconnected. 


SC2 is configured as OS3 and can be used to strobe 
output data or acknowledge input data. It is control- 
led by Output Strobe Select (OSS) in the Port 3 Con- 
trol and Status Register. The strobe is generated by 
a read (OSS = 0) or write (OSS = 1) to the Port 3 
Data Register. OS3 timing is shown in figure 4. 


SCi AND SC2 IN EXPANDED NON-MULTI- 
PLEXED MODE. In the Expanded Non-Multiplexed 
Mode, both SC1 and SC2 are configured as outputs. 
SC1 functions as Input/Output Select (IOS) and is 
asserted only when $0100 through $01FF is sensed 
on the internal address bus. 


SC2 is configured as Read/Write and is used to con- 
trol the direction of data bus transfers. An MPU read 
is enabled when Read/Write and E are high. 


SC1 AND SC2 IN EXPANDED MULTIPLEXED 
MODE. In the Expanded Multiplexed Modes, both 
SCi and SC2 are configured as outputs. SC1 func- 
tions as Address Strobe and can be used to demulti- 
plex the eight least significant addresses and the 
data bus. A latch controlled by Address Strobe cap- 
tures address on the negative edge, as shown in 
figure 14. 


SC2 is configured as Read/Write and is used to con- 
trol the direction of data bus transfers. An MPU read 
is enabled when Read/Write and E are high. 
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P10-P17 (PORT 1) 


Port 1 is amode independent 8-bit I/O port with each 
line an input or output as defined by the Port 1 Data 
Direction Register. The TTL compatible three-state 
output buffers can drive one Schottky TTL load and 
30pF, Darlington transistors, or CMOS devices 
using external pullup resistors. It is configured as a 
data input port by RESET. Unused lines can remain 
unconnected. 


P20-P24 (PORT 2) 


Port 2 is a mode-independent, 5-bit, multipurpose 
I/O port. The voltage levels present on P20, P21, 
and P22 on the rising edge of RESET determine the 
operating mode of the MCU. The entire port is then 
configured as a data input port. The Port 2 lines can 
be selectively configured as data output lines by set- 
ting the appropriate bits in the Port 2 Data Direction 


Figure 21 : 6801 Family Oscillator Characteristics. 


Nominal Crystal Parameters* 


(a) Nominal Recommended Crystal Parameters 


EF6801 


CL =20 pF (typtcal} 


(b) Oscillator Stabilization Time (trc) 


Vcc 


RESET 


Register. The Port 2 Data Register is used to move 
data through the port. However, if P21 is configured 
as an output, it will be tied to the timer Output Com- 
pare function and cannot be used to provide output 
from the Port 2 Data Register. 


Port 2 can also be used to provide an interface for 
the Serial Communications Interface and the timer 
Input Edge function. These configurations are de- 
scribed in the Programmable Timer and Serial Com- 
munications Interface (SCI) section. 


The Port 2 three-state, TTL-compatible output buf- 
fers are capable of driving one Schottky TTL load 
and 30pF, or CMOS devices using external pullup 
resistors. 

PORT2 DATA REGISTER 


0 


7 6 5 4 3 2 1 


0.01-0.02pF 
> 20K 


0.01-0.02pF 
> 20K 


0.01-0.02pF 
> 20K 


Equivatent Circuit 


Oscillator 
Stabilization 
Time trc 
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P30-P37 (PORT 3) 


Port 3 can be configured as an 1/O port, a bidirec- 
tional 8-bit data bus, or a multiplexed address/data 
bus depending on the operating mode. The TTL 
compatible three-state output buffers can drive one 
Schottky TTL load and 90pF. Unused lines can re- 
main unconnected. 


PORT 3 IN SINGLE-CHIP MODE. Port 3 is an 8-bit 
I/O port in the Single-Chip Mode, with each line con- 
figured by the Port.3 Data Direction Register. There 
are also two lines, IS3 and OS3, which can be used 
to control Port 3 data transfers. 


Three Port 3 options are controlled by the Port 3 
Control and Status Register and are available only 
in Single-Chip Mode : (1) Port 3 input data can be 
latched using IS3 as a control signal, (2) OS3 can 
be generated by either an MPU read or write to the 
Port 3 Data Register, and (3) an IRQ1 interrupt can 
be enabled by an IS3 negative edge. Port 3 latch 
timing is shown in figure 5. 


PORT 3 CONTROL AND STATUS REGISTER 
7 6 5 4 3 2 1 0 


Not used. 


Bit 3 LATCH ENABLE. This bit con- 
trols the input latch for Port 3. If 
set, input data is latched by an 
IS3 negative edge. The latch is 
transparent after a read of the 
Port 3 Data Register. LATCH 
ENABLE is cleared during reset. 


Bit 4 OSS (Output Strobe Select). 
This bit determines whether 
OS3 will be generated by a read 
or write of the Port 3 Data Reg- 
ister. When clear, the strobe is 
generated by a read ; when set, 
itis generated by a write. OSS is 
cleared during reset. 


Bit 5 Not used. 


Bit 6 IS3_ IRQ1 ENABLE. When set, 
an IRQ1 interrupt will be enabled 
whenever IS3 FLAG is set ; 
when clear, the interrupt is in- 
hibited. This bit is cleared during 
reset. 


EF6801-EF6803 


Bit 7 IS3 FLAG. This read-only status 
bit is set by an IS3 negative 
edge. It is cleared by a read of 
the Port 3 Control and Status 
Register (with IS3 FLAG set) fol- 
lowed by a read or write to the 
Port 3 Data Register or during 
reset. 


PORT 3 IN EXPANDED NON-MULTIPLEXED 
MODE. Port 3 is configured as a bidirectional data 
bus (D7-D0O) in the Expanded Non-Multiplexed 
Mode. The direction of data transfers is controlled 
by Read/Write (SC2). Data is clocked by E (Enable). 


PORT 3 IN EXPANDED MULTIPLEXED MODE. 
Port 3 is configured as a time multiplexed address 
(AO-A7) and data bus (D7-DO) in the Expanded 
Multiplexed Modes, where Address Strobe (AS) can 
be used to demultiplex the two buses. Port 3 is held 
in a high impedance state between valid address 
and data to prevent bus conflicts. 


P40-P47 (PORT 4) 


Port 4 is configured as an 8-bit I/O port, as address 
outputs, or as data inputs depending on the opera- 
ting mode. Port 4 can drive one Schottky TTL load 
and 90pF and is the only port with internal pullup re- 
sistors. Unused lines can remain unconnected. 


PORT 4 IN SINGLE-CHIP MODE. In Single-Chip 
Mode, Port 4 functions as an 8-bit I/O port with each 
line configured by the Port 4 Data Direction Regis- 
ter. Internal pullup resistors allow the port to direct- 
ly interface with CMOS at 5 volt levels. External 
pullup resistors to more than 5 volts, however, can- 
not be used. 


PORT 4 IN EXPANDED NON-MULTIPLEXED 
MODE. Port 4 is configured from reset as an 8-bit 
input port, where the Port 4 Data Direction Register 
can be written to provide any or all of eight address 
lines, AO to A7. Internal pullup resistors pull the lines 
high until the Port 4 Data Direction Register is con- 
figured. 


PORT 4 IN EXPANDED MULTIPLEXED MODE. In 
all Expanded Multiplexed modes except Mode 6, 
Port 4 functions as half of the address bus and pro- 
vides A8 to A15. In Mode 6, the port is configured 
from reset as an 8-bit parallel input port, where the 
Port 4 Data Direction Register can be written to pro- 
vide any or all of upper address lines A8 to A15. In- 
ternal pullup resistors pull the lines high until the 
Port 4 Data Direction Register is configured, where 
bit O controls A8. 
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RESIDENT MEMORY 


The EF6801 provides 2048 bytes of on-board ROM 
and 128 bytes of on-board RAM. 

One half of the RAM is powered through the Vcc 
standby pin and is maintainable during Vcc power- 
down. This standby portion of the RAM consists of 
64 bytes located from $80 through $BF. 

Power must be supplied to Vcc standby if the inter- 
nal RAM is to be used regardless of whether stand- 
by power operation is anticipated. 


The RAM is controlled by the RAM Control Register. 


RAM CONTROL REGISTER ($14) 


The RAM Control! Register includes two bits which 
can be used to control RAM accesses and deter- 
mine the adequacy of the standby power source 
during powerdown operation. It is intended that 
RAME be cleared and STBY PWR be Set as part of 
a powerdown procedure. 


RAM CONTROL REGISTER 
7 6 5 4 3 2 1 0 
STY |RAME!| X X X Xx X Xx 
PWR 
Bit 0-5 Not used 


Bit 6 RAME RAM Enable. This read/write bit 
can be used to remove the en- 


Figure 22 : Block Diagram of Programmable Timer. 


Bit 7 STBY PWR 


EF6801/EF6803 Internal Bus 


Output Compare 
Register 


Free Running 
16-Bit Counter 


Input Couture 
Register 


a pei 
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tire RAM from the internal mem- 
ory map. RAME is set (enabled) 
during reset provided standby 
power is available on the positive 
edge of RESET. If RAME is 
clear, any access to a RAM aa- 
dress is external. If RAME is set 
and not in mode 3, the RAM is 
included in the internal map. 


Standby Power. This bit is a 
read/write status bit which, when 
once set, remains set as long as 
Vcc standby remains above 
Vsss (minimum). As long as this 
bit is set following a period of 
standby operation, the standby 
power supply has adequately 
preserved the data in the stand- 
by RAM. If this bit is cleared dur- 
ing a period of standby 
operation, it indicates that Vcc 
standby had fallen to a level suf- 
ficiently below Vsss (minimum) 
to suspect that data in the stand- 
by RAM is not valid. This bit can 
be set only by software and is not 
affected during reset. 


Output 

Level 

Bit 

Pont 2 Porn 2 


PROGRAMMABLE TIMER 


The programmable timer can be used to perform 
input waveform measurements while independently 
generating an output waveform. Pulse widths can 
vary from several microseconds to many seconds. 
A block diagram of the timer is shown in figure 22. 


COUNTER ($09:0A) 


The key timer element is a 16-bit free-running 
counter which is incremented by E (enable). It is 
cleared during reset and is read-only with one ex- 
ception : a write to the counter ($09) will preset it to 
$FFF8. This feature, intended for testing, can dis- 
turb serial operations because the counter provides 
the SCI internal bit rate clock. TOF is set whenever 
the counter contains all ones. 


OUTPUT COMPARE REGISTER ($0B:0C) 


The output compare register is a 16-bit read/write 
register used to control an output waveform or pro- 
vide an arbitrary timeout flag. Itis compared with the 
free-running counter on each E cycle. When a 
match occurs, OCF is set and OLVL is clocked to 
an output level register. If port 2, bit 1, is configured 
as an output, OLVL will appear at P21 and the out- 
put compare register and OLVL can then be 
changed for the next and OLVL is clocked to an out- 
put level register. If Port 2, bit 1, is configured as an 
output, OLVL will appear at P21 and the Output 
Compare Register and OLVL can then be changed 
for the next compare. The function is inhibited for 
one cycle after a write to its high byte ($0B) to en- 
sure a valid compare. The Output Compare Regis- 
ter is set to $FFFF at RESET. 


INPUT CAPTURE REGISTER ($0D:0E) 
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= aproper level transition has been detected, 

= a match has occured between the free-running 
counter and the output compare register, and 

a the free-running counter has overflowed. 


Each of the three events can generate an IRQ2 in- 
terrupt and is controlled by an individual enable bit 
in the TCSR. 


TIMER CONTROL AND STATUS REGISTER (TCSR) 
0 


7 6 5 4 3 2 1 

[ict [ocr [OF [ei [Eoo! EroI| eDe|p.vi] soos 

Bit O OLVL Output level. OLVL is 
clocked to the output level regis- 
ter by a successful output com- 
pare and will appear at P21 if Bit 
1 of the Port 2 Data Direction 
Register is set. It is cleared dur- 
ing reset. 


Bit 1 EIDG Input Edge. IEDG is 
cleared during reset and controls 
which level transition will trigger 
a counter transfer to the Input 
Capture Register : 


IEDG =0 Transfer on a negative- 


edge 
IEDG = 1 Transfer on a positive- 
edge 

Bit 2 ETOI Enable Timer Overflow In- 


terrupt. When set, an IRQ2 inter- 
rupt is enabled for a_ timer 
overflow ; when clear, the inter- 
rupt is inhibited. It is cleared dur- 
ing reset. 


The Input Capture Register is a 16-bit read-only reg- Bit 3 EOCI Enable Output Compare Inter- 
ister used to store the free-running counter when a rupt. When set, an IRQ2 inter- 
"proper" input transition occurs as defined by IEDG. rupt is enabled for an output 
Port 2, bit 0 should be configured as an input, but compare ; when clear, the inter- 
the edge detect circuit always senses P20 even ruptis inhibited. It is cleared dur- 
when configured as an output. An input capture can ing reset. 
occur independently of ICF : the register always con- , 
tains the most current value. Counter transfer is in- Bit 4 EICI Be ie eee 
hibited, however, between accesses of a double Saniéd ae Sa inoue ra 
byte MPU read. The input pulse width must be at Se aa ae hei le ‘te 
least two E-cycles to ensure an input capture under hibited. Itis ‘ laren dun of cai 
all conditions. . aie ie 
TIMER CONTROL AND STATUS REGISTER ($08) BIS TOF bes ee a 
The Timer Control and Status Register (TCSR) is 1’s. It is cleared by reading the 
an 8-bit register of which all bits are readable, while TCSR (with TOF set) then read- 
only bits 0-4 can be written. The three most signifi- ing the counter high byte ($09), 
cant bits provide the timer status and indicate if : or during reset. 
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Bit 6 OCF Output Compare Flag. OCF is 
set when the Output Compare 
Register matches the free-run- 
ning counter. It is cleared by 
reading the TCSR (with OCF 
set) and then writing to the Out- 
put Compare Register (SOB or 


$0C), or during reset. 


SERIAL COMMUNICATIONS INTERFACE (SCI) 


A full-duplex asynchronous Serial Communications 
Interface (SCI) is provided with two data formats and 
a variety of rates. The SCI transmitter and receiver 
are functionally independent, but use the same data 
format and bit rate. Serial data formats include 
standard mark/space (NRZ) and Biphase and both 
provide one start bit, eight data bits, and one stop 
bit. "Baud" and "bit rate" are used synonymously in 
the following description. 


WAKE-UP FEATURE 


In atypical serial loop multi-processor configuration, 
the software protocol will usually identify the ad- 
dresse(s) at the beginning of the message. In order 
to permit uninterested MPU’s to ignore the remain- 
der of the message, a wake-up feature is included 
whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an idle string 
of ten consecutive 1’s or during reset. Software must 
provide for the required idle string between conse- 
cutive messages and prevent it within messages. 


PROGRAMMABLE OPTIONS 


The following features of the SCI are programm- 

able : 

a format : standard mark/space (NRZ) or Bi-phase 

= clock : external or internal bit rate clock 

= Baud : one of 4 per E-clock frequency, or exter- 
nal clock (x 8 desired baud) 

u wake-up feature : enabled or disabled 

a interrupt requests : enabled individually for trans- 
mitter and receiver 

a Clock output : internal bit rate clock enabled or 
disabled to P22 


SERIAL COMMUNICATIONS REGISTERS 


The Serial Communications Interface includes four 
addressable registers as depicted in figure 23. It is 
controlled by the Rate and Mode Control Register 
and the Transmit/Receive Control and Status Reg- 
ister. Data is transmitted and received utilizing a 
write-only Transmit Register and a read-only Re- 


Bit 7 ICF Input Capture Flag. ICF is set to 
indicate a proper level transition 
; it is cleared by reading the 
TCSR (with ICF set) and then 
the Input Capture Register High 


Byte ($0D), or during reset. 


RATE AND MODE CONTROL REGISTER (RMCR) 
($10). The Rate and Mode Control Register controls 
the SCI bit rate, format, clock source, and under cer- 
tain conditions, the configuration of P22. The regis- 
ter consists of four write-only bits which are cleared 
during reset. The two least significant bits control the 
bit rate of the internal clock and the remaining two 
bits control the format and clock source. 


RATE AND MODE CONTROL REGISTER (RMCR) 
7 0 


6 5 4 3 2 1 

[x x | x | x [oct [ coo [ss [ss0]soor 
Bit 1: BitO SS1: SSO Speed Select. 

These two-bits select the Baud 
rate when using the internal 
clock. Four rates may be se- 
lected which are a function of the 
MCU input frequency. Table 6 
lists bit time and rates for three 
selected MCU frequencies. 


CC1 : CCO Clock Control and 
Format Select. These two bits 
control the format and select the 
serial clock source. If CC1 is set, 
the DDR value for P22 is forced 
to the complement of CCO and 
cannot be altered until CC1 is 
cleared. If CC1 is cleared after 
having been set, its DDR value 
is unchanged. Table 7 defines 
the formats, clock source, and 
use of P22. 


If both CC1 and CCO are set, an external TTL com- 
patible clock must be connected to P22 at eight 
times (8X) the desired bit rate, but not greater than 
E, with a duty cycle of 50% (+ 10%). If CC1 : 
CCO = 10, the internal bit rate clock is provided at 
P22 regardless of the values for TE or RE. 


NOTE : The source of SCI internal bit rate clock is 
the timer free running counter. An MPU 
write to the counter can disturb serial oper- 


Bit 3 : Bit 2 


ceive Register. The shift registers are not accessible ations. 
to software. 
ult (7 SGS-THOMSON 
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Figure 23 : SCI Registers. 


Rate and Mode Control! Regtster B10 


ee CG 


Transmit/Receive Control and Status Register 


Receive Data Register 


pe shee de Ie a fd pe 


(Not Addressable) 


Receive Shift Register 


Bit Rate 
Generator 


(Not Addressable} 


Transmit Shift Register 


| | ty tf des 


TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) ($11). The Transmit/Receive 
Control and Status Register controls the transmit- 
ter, receiver, wake-up feature, and two individual in- 
terrupts and monitors the status of serial operations. 


Transmit Data Register 


enabled when TDRE is set ; 
when clear, the interrupt is in- 
hibited. TE is cleared during 
reset. 


All eight bits are readable while bits 0 to 4 are also |= BLS RE ee = su set, Ihe 
writable. The register is initialized to $20 by RESET. Mise aled. Cannot 
be changed, and will remain 
TRANSMIT/RECEIVE CONTROL AND STATUS REGIS- clear if RE is subsequently 
TER (TRCSR) cleared. While RE is set, the SCI 
7 a a; ee + 0 receiver is enabled. RE is 
wu | 0 sisal das 
7 eer ji Bit 4 RIE Receiver Interrupt Enable. 
ee bgrias ee When set, an IRQ2 interrupt is 
function ; itis cleared by ten con- sli Bt lie oe pe 
ee steel liag WU terruptis inhibited. RIE is cleared 
ee r Saeeeue Bi during reset. 
it1 TE ransmit Enable. When set, ; 
DDR bit is set, cannot be Bit 5 TDRE Transmit Data Register Empty. 
changed, and will remain set if TDRE is set when the Transmit 
TE is subsequently cleared. Data Register is transferred to 
When TE is changed from clear the output serial shift register or 
to set, the transmitter is con- during reset. It is cleared by 
nected to P24 and a preamble of reading the TRCSR (with TORE 
nine consecutive 1’s is trans- set) and then writing to the 
mitted. TE is cleared during Transmit Data Register. Addi- 
reset tional data will be transmitted 
only if TDRE has been cleared. 
Bit 2 TIE Transmit Interrupt Enable. : 


When set, an IRQ2 interrupt is 


{ SGS-THOMSON 
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Bit 6 ORFE Overrun Framing Error. If set, 
ORFE indicates either an over- 
run or framing error. An overrun 
is a new byte ready to transfer to 
the Receiver Data Register with 
RDRPF still set. A receiver fram- 
ing error has occurred when the 
byte boundaries of the bit stream 
are not synchronized to the bit 
counter. An overrun can be dis- 
tinguished from a framing error 
by the state of RDRF : if RDRF 
is set, then an overrun has oc- 
curred ; otherwise a framing 
error has been detected. Data is 
not transferred to the Receive 
Data Register in an overrun con- 
dition. Unframed data causing a 


Table 6 : SCI Bit Times and Rates. 


26us/38.400 Baud 
208us/4.800 Baud 
1.67ms/600 Baud$ 
6.67ms/150 Baud 


0 0 
0 1 
1 : 
, 


* Using maximum clock rate 


Table 7 : SCI Format and Clock Source Control. 


Not used 
Not used 
Output 


Internal 


Internal 
Internal 
External Input 


SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to 
the Rate and Mode Control Register and then to the 
Transmit/Receive Contro! and Status Register. 
When TE is set, the output of the transmit serial shift 
register is connected to P24 and serial output is in- 
itiated by transmitting a 9-bit preamble of 1’s. 


At this point one of two situations exist : 1) if the 
Transmit Data Register is empty (TDRE = 1), acon- 
tinuous string of 1’s will be sent indicating an idle 
line, or 2) if a byte has been written to the Transmit- 
Data Register (TDRE = 0), it will be transferred to 


“External (P22) 13.0us/76.800 Baud 8.0118/125.000 Baud 6.5us/153.600 Baud 


framing error is transferred to the 
Receive Data Register. How- 
ever, subsequent data transfer 
is blocked until the framing error 
flag is cleared.* ORFE is cleared 
by reading the TRCSR (with 
ORFE set) then the Receive 
Data Register, or during reset. 


Bit 7 RDRF Receive Data Register Full. 
RDRFF is set when the input ser- 
ial shift register is transferred to 
the Receive Data Register. It is 
cleared by reading the TRCSR 
(with RDRF set), and then the 
Receive Data Register, or during 


reset. 


1.2288MHz 


13.0u1s/76.800 Baud 
104.2us/9.600 Baud 
833.3uS/1.200 Baud 
3.33ms/300 Baud 


16us/62.500 Baud 

128usS/7812.5 Baud 
1.024ms/976.6 Baud 
4.096ms/244.1 Baud 


the output serial shift register (synchronized with the 
bit rate clock), TDRE will be set, and transmission 
will begin. 


The start bit (0), eight data bits (beginning with bit 0) 
and a stop bit (1), will be transmitted. If TDRE is still 
set when the next byte transfer should occur, 1’s will 
be sent until more data is provided. In Bi-phase for- 
mat, the output toggles at the start of each bit and 
at half-bit time when a"1"is sent. Receive operation 
is controlled by RE which configures P23 as an input 
and enables the receiver. SCI data formats are illus- 
trated in figure 24. 
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INSTRUCTION SET 


The EF6801/03 is upward source and object code 
compatible with the EF6800. Execution times of key 
instructions have been reduced and several new in- 
structions have been added, including a hardware 
multiply. A list of new operations added to the 
EF6800 instruction set is shown in table 1. 


In addition, two new special opcodes, 4E and 5E, 
are provided for test purposes. These opcodes force 
the Program Counter to increment like a 16-bit 
counter, causing address lines used in the ex- 
panded modes to increment until the device is reset. 
These opcodes have no mnemonics. 


The coding of the first (or only) byte corresponding 
to an executable instruction is sufficient to identify 
the instruction and the addressing mode. The hex- 
adecimal equivalents of the binary codes, which re- 
sult from the translation of the 82 instructions in all 
valid modes of addressing, are shown in table 8. 
There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 


PROGRAMMING MODEL 


A programming model for the EF6801/03 is shown 
in figure 10. Accumulator A can be concatenated 
with accumulator B and jointly referred to as accu- 
mulator D where A is the most significant byte. Any 
operation which modifies the double accumulator 
will also modify accumulator A and/or B. Other reg- 
isters are defined as follows : 


Figure 24 : SCI Data Formats. 


Output 
Clock 


NRZ 
Format 


Bi-Phase 
Format 


Data 01001101 ($4D) 
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PROGRAM COUNTER. The program counter is a 
16-bit register which always points to the next in- 
struction. 


STACK POINTER. The stack pointer is a 16-bit reg- 
ister which contains the address of the next avail- 
able location in a pushdown/pullup (LIFO) queue. 
The stack resides in random access memory at a 
location defined by the programmer. 


INDEX REGISTER. The Index Register is a 16-bit 
register which can be used to store data or provide 
an address for the indexed mode of addressing. 


ACCUMULATORS. The MPU contains two 8-bit ac- 
cumulators, A and B, which are used to store oper- 
ands and results from the arithmetic logic unit (ALU). 
They can also be concatenated and referred to as 
the D (double) accumulator. 


CONDITION CODE REGISTERS. The condition 
code register indicates the results of an instruction 
and includes the following five condition bits : Nega- 
tive (N), Zero (Z), Overflow (V), Carry/Borrow from 
MSB (C), and Half Carry from bit 3 (H). These bits 
are testable by the conditional branch instructions. 
Bit 4 is the interrupt mask (I-bit) and inhibits all mask- 
able interrupts when set. The two unused bits, B6 
and B7, are read as ones. 


aaa eo 

- eee 
- 

~—_——e - = 


mee 
—— = ac = = = 


——_ 
—-——_=— = = 
_— em 
e-em ew oe 
w= = = 
ee 
-— = em 
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ADDRESSING MODES 


Six addressing modes can be used to reference 
memory. Asummary of addressing modes for all in- 
structions is presented in table 9, 10, 11, and 12, 
where execution times are provided in E-cycles. In- 
struction execution times are summarized in 
table 13. With an input frequency of 4MHz, E-cycles 
are equivalent to microseconds. A cycle-by-cycle 
description of bus activity for each instruction is pro- 
vided in table 14 and a description of selected in- 
structions is shown in figure 25. 


IMMEDIATE ADDRESSING. The operand or "im- 
mediate byte(s)" is contained in the following byte(s) 
of the instruction where the number of bytes mat- 
ches the size of the register. These are two or three 
byte instructions. 


DIRECT ADDRESSING. The least significant byte 
of the operand address is contained in the second 
byte of the instruction and the most significant byte 
is assumed to be $00. Direct addressing allows the 
user to access $00 through $FF using two byte in- 
structions and execution time is reduced by elimi- 


nating the additional memory access. In most appli- 
cations, the 256-byte area is reserved for frequent- 
ly referenced data. 


EXTENDED ADDRESSING. The second and third 
bytes of the instruction contain the absolute address 
of the operand. These are three byte instructions. 


INDEXED ADDRESSING. The unsigned offset con- 
tained in the second byte of the instruction is added 
with carry to the Index Register and used to ref- 
erence memory without changing the Index Regis- 
ter. These are two byte instructions. 


INHERENT ADDRESSING. The operand(s) are 
registers and no memory reference is required. 
These are single byte instructions. 


RELATIVE ADDRESSING. Relative addressing is 
used only for branch instructions. If the branch con- 
dition is true, the Program Counter is overwritten 
with the sum of a signed single byte displacement 
in the second byte of the instruction and the current 
Program Counter. This provides a branch range of 
— 126 to 129 bytes from the first byte of the instruc- 
tion. These are two byte instructions. 
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Table 8 : CPU Instruction Map. 


OP MNEM MODE ~ #jOP MNEM MODE ~ # 


34 DES INHER 3 


, 
NOP INHER 2 1/35 TXS 3 4 a 
3 36 PSHA 3 1 
: 37 PSHB 3.1 
LSRD 3 1/38 PULX 5 4 
05 ASLD 3 1/39 RTS 5 1j4/6D 
06 TAP 2 1/3A ABX 3 1//6E 
07 TPA 2 1{3B~ ATI 10 1 || 6F 
08 INX 3 1/3C PSHX 4 1 
09 DEX 3. 11/3D MUL 10 1 
OA CLV 2 1/3E WAI 9 1 
OB SEV 2 1/3F SWI 12 1 
0C CLC 2 1/40 NEGA 2. | 
OD SEC 21 : 
OE CLI 2 1 
OF SEI eo. i 77 
10 SBA 2 1 78 
11. CBA 2 1 79 


COMB 


LSRB 
: 89 
RORB 2 1|/8A 
57 ASRB 2 1|/8B 
58 ASLB 2 11;8C 
59 ROLB 2 11)8D 
DECB 2 1|/8E 
INCB 
5D TSTB 2 11/91 


SE. T 
5F CLRB INHER 2 1 
NEG INDXD 


* 


* 


COM 
LSR 


RWWWW WWW WWWWWWWWWW WwW 
-“--' = MWNNNNAMDNNNNNNNNNN ND 


ROR 6 
67 ASR INDXD 6 2 


pas 
— 


Notes: 1. Addressing Modes 
INHER = Inherent INDXD = Indexed 


REL = Relative 


ASL 
ROL 
DEC 


INC 
TST 
JMP 
CLR 
NEG 


* 


* 


COM 
LSR 


ROR 
ASR 
ASL 
ROL 
DEC 
INC 
TST 
JMP 
CLR 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
EORA 
ADCA 
ORAA 
ADDA 
CPX 
BSR 
LDS 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
STAA 
EORA 
ADCA 
ORAA 
ADDA 


EXTND = Extended 


INDXD 


INDXD 


EXTND 
IMMED 


IMMED 
REL 
IMMED 


DIR 


MNNMNNM AN MN OW OD OD Nanna Mm 


Oo FM MN PY 


WWWAWOWWWWOaWW ® 


IMMED = 
DIR = Direct 


QM nm NW PY 


Ww Ww 


MONMNNWNHNN WWW W OW WW WwW 


OnmWwWNMNMNM PM 


MONNNNNN NNN ND PP 


2 Unassigned opcodes are indicated by " " and should not be executed 


3 Codes marked by "T" force the PC to function as a 16-bit counter. 


kyy 
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CPX 
JSR 
LDS 
STS 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
STAA 
EORA 
ADCA 
ORAA 
ADDA 
CPX 
JSR 
LDS 
STS 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
STAA 
EORA 
ADCA 
ORAA 
ADDA 
CPX 
JSR 
LDS 
STS 
SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 
LDAB 
EORB 
ADCB 
ORAB 
ADDB 
LDD 


LDX 


DIR 


: 


DIR 
INDXD 


INDXD 
EXTND 


EXTND 
IMMED 


IMMED 


Immediate 


NNONANMNANUHAUAMHMPAAAAAAADAHAAUHUAHAAAAARAAAAODOAAARA ROH 


Onn NW NY 


wo 


OP MNEM MODE ~ #/OP MNEM MODE ~ # 


We) 


MNNMONWNNNWWWWWOWWWWWWWWWWWNNNHNNNNMDNNNNNNNNNNNDND PY 


WON NM N NY 


Ww 


* UNDEFINED OP CODE 


SUBB_ DIR 
ane 
SBCB 
ADDD 
ANDB 

BITB 

LDAB 
STAB 
EORB 
ADCB 
ORAB 
ADDB 

LDD 

STD 

LDX 

STX DIR 
SUBB INDXD 
CMPB 
SBCB 
ADDD 
ANDB 

BITB 

LDAB 
STAB 
EORB 
ADCB 
ORAB 
ADDB 

LDD 

STD 

LDX 

STX INDXD 
SUBB EXTND 
CMPB 
SBCB 
ADDD 
ANDB 

BITB 

LDAB 
STAB 
EORB 
ADCB 
ORAB 
ADDB 

LDD 

STD 

LDX 

STX EXTND 


OP MNEM MODE ~ 
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# 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
red 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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Table 9 : Index Register and Stack Manipulation Instructions. 


| immed Condition Codes 
Boolean/ 
pointer Qperetians Arithmetic Operation 


Compare Index Register CP 


ae 

ee a 5 

rf fer er eo ecio 
eler[stells[ot | | [momn-men [llsfe fale 
Fells felerts ts) | | [ser usr mall]: fetal 
Dc 


Push Data 1]X_—7 Msp,SP-1- SP 
1)}SP4+1-— SP,Msp > Xy 
SP +1 + SP, Msp > Xr: 


| inher | Boolean 
Expression 


Condition Codes 


Accumulator and 
Memory Operations 
Add Acmitrs 
Add B to X 


eae 
: 


na ADba [es] 2 [2 fos[s [2 [nal 


nove [os|@[2 foals [2 [es 


cinema nee Al deel 


6 
pascal {| | tt tt 
paste] | tT Tt TT 


The Condition Code Register notes are listed after Table 12 


So} 1] )} mm] 7/0] 7 
oa/A/A[/OIDio{o 
AE ne mee 
A oe Bee mee 
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Table 10 : Accumulator and Memory Instructions (continued). 


Accumulator and Boolean 
core [om EDP] ce SERRE 
fshittet oo faseo | | | | | | ft | | Itt | losis] a By 
Shift Right pase | | | | | {levis fa|izzjeis| | | BRB GE 


Arithmetic 


Bit Test 


Exclusive OR 


Increment 


espa] | {| tT | Tt tt  fsafe fs | BERRA 
jesro | | | TT | | Ces 


The Condition Code Register notes are listed after Table 12 
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Table 10 : Accumulator and cscs Instructions (continued). 


Accumulator and | Index || Extend | Inher _| Boolean 
isan Sarton | ME loon [ood [electclele [a] _ermesste [ali ela [ve 
fMuttiply | ML | TT | TT | TT Ue [ fpoftof ts faxeso ef - |e fee [| 
2's Complement | NEG | | | | | | [eolsl2|i7ole{3| | | joo-m>m — [-|-[< |: [|<]: 
ineaate) NEGA isl ede Stig jt} pole fsfoo- aoa bef bee 


ane ee eee Celeron re PTT 
Inclusive OR sce Zi eA palé{3| | | | aE 


Push Data MESES acl) cole sler | eledtual PEL pels sas PT 
Pull Data Liz eaeeeeee Cel fa Joe 9 
a 


Rotate Left 


pais rat ron | || [LL eelele lrele la] _ 


s lelele pe 

Subtract with Carry | SBCA [82] 2 | 2 [92] 9 |2 laa] 4 | 2 elas] | [anweose ee defele 
sacs |ca|2|2 [alsa leala 2 l[ral4}3/ | | |e-m-c>e  |-{-{:]: [3/3] 

Store Acmits psraa{ | | feria fe parte 2 ED 


2 |[B3 
Transfer Acmt Poet TTT ttt it athe 
Test, Zero or minus | tstT | | | | | [ |oole|2| aD CE as 


The Condition Code Register notes are listed after table 12. 
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Table 11 : Jump and Branch Instructions. 


Branch if< Zero | et | | | feolala] | | | | | | | | [nev=1 fede fe [eff 
[Branchitminus | amt | | | felst2] | | tT tt dt [wes ddd 


26} 3/2 = 
[Branch if Overfow Clear | eve | | | jaslsje| | | | | | | [ iv-o feted [|| 
[Branch f Overiow Set| Bvs | | | [asisi2{] | | | | | | | {| [v=-1 feted ef eT 
[Branch it Pius | BPL | | | fealsi2| | | | tt pee e eft 
ranch to Subowine | asp | | | feote lat | | jit tt 


ump Subouine [ase bos 2] TT pole poles ture 2 le ieee 
[No Operation | Nop | | | | | | | [| | ae es Ee 
[Return trom interrupt | AM | | | | | | | { {it | | [seltof | 


See Special 
Operations- 


[wait tor interrupt | wal | | | | | | [| | iL] | pelo dt 


The Condition Code Register notes are listed after Table 12 
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Table 12 : Condition Code Register Manipulation Instructions. 


Condition Code Register 
Boolean 
Operation 


Clear Interrupt Mask CL 


Clear Overflow 
Set Carry 


Set Interrupt Mask 
Set Overflow SE 
Accumulator A + CCR TA 


CCR — Accumulator A 


LEGEND CONDITION CODE SYMBOLS 
OP Operation Code (Hexadecimal) Half-carry from bit 3 
~ Number of MPU Cycles Interrupt mask 
Msp Contents of memory location pointed to by Stack Negative (sign bit) 
Pointer Zero (byte) 


e<"NDOCNA TL 


# Number of Program Bytes Overflow, 2’s complement 
+ Arithmetic Plus Carry/Borrow from MSB 
- Arithmetic Minus Reset Always 
e Boolean AND Set Always 
X Arithmetic Multiply Affected 
+ Boolean Inclusive OR Not Affected 
® Boolean Exclusive OR 
M Complement of M 
— Transfer Into 
0 §=©Bit = Zero 
00 Byte=0 
36/49 
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Table 13 : Instruction Execution Times In E-cycles. 


ene Mode Addressing Mode 


@®@eedse@wwin @ @e@ee@wr 


ynwOnrt Bw @O Nm GYM WP @9@oeese @ @ w 


— 
So 


mr nr rw @ wp wo 


@@e@e@@ @wlw om ww wow wl]lw wo w wo @wwlwwowoww @ @ 


en n@e@oeooeeeenrne@eeeeeeeenrn 


2 
2 
2 
2 
2 
3 
3 
9 


tt eeeeeeleoncons @®@eernree@e@eino@eeeni@®n@®@Onmn @oiannuan zr om wo 
SS es ae en ee eee 
n ®@@e@eee0e8 


eenreeee-nr-eirneeeeese ®@ 
@eewnseeeeuwein@@edeeese 
@nr8@Om @Dm nesnecscce 
C ome I Mom Momo mma Mom Ms Me me | 
woe @O@nwwnne@en|@nmnnnwp o@ 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the infor- ing mode and number of cycles per instruction. In 
mation present on the address bus, data bus, and general, instructions with the same addressing 
the read/write (R/W) line during each cycle of each mode and number of cycles execute in the same 
instruction. manner. Exceptions are indicated in the table. 


The information is useful in comparing actual with Note that during MPU reads of internal locations, the 
expected results during debug of both software and resultant value will not appear on the external data 
hardware as the program is executed. The informa- bus except in mode 0. "High order" byte refers to the 
tion is categorized in groups according to address- most-significant byte of a 16-bit value. 


Table 14 : Cycle-by-cycle Operation (sheet 1 of 5) 
IMMEDIATE 


Address Mode and Cycles es Address Bus lide Data Bus 
Instructions Line 


Opcode Address Opcode 
Opcode Address + 1 Operand Data 


Opcode Address 1 Opcode 

Opcode Address + 1 1 Operand Data (high order byte) 
Opcode Address + 2 1 Operand Data (low order byte) 
Opcode Address 
Opcode Address + 1 


Opcode Address + 2 
Address Bus FFFF 


Operand Data (high order byte) 
Operand Data (low order byte) 


1 
{ 
1 
1 Low Byte of Restart Vector 


Opcode Address 
Opcode Address + 1 
Address of Operand 


Opcode 
Address of Operand 
Operand Data 


Opcode Address 1 
Opcode Address + 1 1 Destination Address 
Destination Address 0 Data from Accumulator 
Opcode Address Opcode Address 
Opcode Address + 1 Address of Operand 
Address of Operand Operand Data (high order byte) 
Operand Address + 1 Operand Data (low order byte) 
Opcode Address Opcode Address 
Opcode Address + 1 Address of Operand 
Address of Operand Operand Data (high order byte) 
Address of Operand + 1 Operand Data (low order byte) 
CPX Opcode Address 
SUBD Opcode Address + 1 
ADDD Operand Address 
Operand Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer — 1 


Address of Operand 
Operand Data (high order byte) 
Operand Data (low order byte) 
Low Byte of Restart Vector 


irrelevant Data 
First Subroutine Opcode 

Return Address (low order byte) 
Return Address (high order byte) 
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Table 14 : Cycle-by-cycle Operation (sheet 2 of 5) 
EXTENDED 


RUBIES S MOee ane Cycles as Address Bus Sis Data Bus 
Instructions Line 


Opcode Address Opcode 
Opcode Address + 1 Jump Address (high order byte) 
Opcode Address + 2 Jump Address (low order byte) 


Opcode Address Opcode 

Opcode Address + 1 Address of Operand 

Opcode Address + 2 Address of Operand 
(low order byte) 

Address of Operand Operand Data 


Opcode Address Opcode 

Opcode Address + 1 Destination Address 
(high order byte) 

Opcode Address + 2 Destination Address 
(low order byte) 

Operand Destination Address Data from Accumulator 


Opcode Address Opcode 
Opcode Address + 1 Address of Operand 
(high order byte) 
Opcode Address + 2 Address of Operand 
(low order byte) 
Address of Operand Operand Data (high order byte) 
Address of Operand + 1 Operand Data (low order byte) 


Opcode Address Opcode 
Opcode Address + 1 Address of Operand 
(high order byte) 
Opcode Address + 2 Address of Operand 
(low order byte) 
Address of Operand Operand Data (high order byte) 
Address of Operand + 1 Operand Data (low order byte) 


Opcode Address Opcode 
Opcode Address + 1 Address of Operand 

(high order byte) 
Opcode Address + 2 Address of Operand 

(low order byte) 
Address of Operand Current Operand Data 
Address Bus FFFF Low Byte of Restart Vector 
Address of Operand New Operand Data 


Opcode Address Opcode 
Opcode Address + 1 Operand Address 

(high order byte) 
Opcode Address + 2 Operand Address 

(low order byte) 
Operand Address Operand Data (high order byte) 
Operand Address + 1 Operand Data (low order byte) 
Address Bus FFFF Low Byte of Restart Vector 


* TST does not perform the write cycle during the sixth cycle. The sixth cycle ts another address bus = $FFFF 
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Table 14 : Cycle-by-cycle Operation (sheet 2 of 5) 


Madies> Moce:ane Cycles _ Address Bus Si Data Bus 
saeemucttons Line 
Stack Pointer Return Address (low order byte) 


Opcode Address 1 Opcode 
7 
1 
1 
0 
Stack Pointer — 1 0 Return Address (high order byte) 


Opcode Address + 1 Address of Subroutine 
* TST does not perform the write cycle — the sixth cycle. The sixth cycle is another address bus = $FFFF. 


EXTENDED (continued) 


(high order byte) 

Address of Subroutine 
(low order byte) 

Opcode of Next Instruction 


Opcode Address + 2 


Subroutine Starting Address 


pos owe 
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Table 14 : Cycle-by-cycle Operation (sheet 3 of 5) 


INDEXED 
ngatess mode ape Cycles eysle Address Bus fad Data Bus 
Instructions # Line 
JMP 


3 1 Opcode Address 1 Opcode 
2 Opcode Address + 1 1 Offset 
3 Address Bus FFFF 1 Low Byte of Restart Vector 


4 1 Opcode Address 1 
2 Opcode Address + 1 1 
3 Address Bus FFFF 1 
4 Index Register Plus Offset 1 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 
Opcode Address 
Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 
Opcode Address 
Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 
Address Bus FFFF 

Index Register Plus Offset 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 

Index Register + Offset 
Index Register + Offset + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Index Register + Offset 


Low Byte of Restart Vector 
Operand Data 


Low Byte of Restart Vector 
Operand Data 
Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (high order byte) 
Operand Data (low order byte 
Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (high order byte) 
Operand Data (low order byte) 
Opcode 
Offset 
Low Byte of Restart Vector 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 
Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (high order byte) 
Operand Data (low order byte) 
Low Byte of Restart Vector 
Opcode 
Offset 
Low Byte of Restart Vector 

First Subroutine Opcode 

Stack Pointer Return Address (low order byte) 
Stack Pointer — 1 Return Address (high order byte) 


* TST does not perform the write cycle during the sixth cycle. The sixth cycle ts another address bus = $FFFF. 


oosonalparonalanonalanonalaona 
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Table 14 : Cycle-by-cycle Operation (sheet 4 of 5) 


INHERENT 
Address Mode and Cycle Adapeee Bus R/W Data Bus 
Instructions # Line 
Opcode Address Opcode 


Opcode Address + 1 Opcode of Next Instruction 


H 
< 
= 
@ 
” 


2 


Opcode 
Irrelevant Data 
Low Byte of Restart Vector 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 1 
Opcode Address + 1 1 


Opcode 
Irrelevant Data 
Low Byte of Restart Vector 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 


Previous Stack Pointer 
Contents 


Opcode Address 
Opcode Address + 4 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 


Opcode Address 
Opcode Address + 1 
Stack Pointer 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer + 1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer — 1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer + 4 
Stack Pointer + 2 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 
Opcode of Next Instruction 
Accumulator Data 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Operand Data from Stack 


Opcode 

Irrelevant Data 
Index Register (low order byte) 
Index Register (high order byte) 


Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register (low order byte) 
Index Register (high order byte) 
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Table 14 : Cycle-by-cycle Operation (sheet 4 of 5) 
INHERENT (continued) 


Address Mode and Cycles i ia Address Bus R/W Data Bus 
Instructions Line 


Opcode Address Opcode 
Opcode Address + 1 Irrelevant Data 
Stack Pointer Irrelevant Data 
Stack Pointer + 1 Address of Next Instruction 
(high order byte) 

Address of Next Instruction 
(low order byte) 


Opcode 
Opcode of Next Instruction 
Return Address (low order byte) 
Return Address (high order byte 
Index Register (low order byte) 
Index Register (high order byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code 
Register 


Stack Pointer + 2 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer — 14 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 


oooo 000 + — 


Table 14 : Cycle-by-cycle Operation (sheet 5 of 5) 
INHERENT 


Opcode Addres 
Opcode Address + 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 


Opcode 
Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


Opcode 
Irrelevant Data 

Irrelevant Data 

Contents of Condition Code 
Register from Stack 

Contents of Accumulator B from 
Stack 

Contents of Accumulator A from 
Stack 

Index Register from Stack 

(high order byte) 

Index Register from Stack 

(low order byte) 

Next Instruction Address from 
Stack (high order byte) 

Next Instruction Address from 
Stack (low order byte) 


Stack Pointer + 2 


Stack Pointer + 3 


Stack Pointer + 4 


Stack Pointer + 5 


Stack Pointer + 6 


Stack Pointer + 7 
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Table 14 : Cycle-by-cycle Operation (sheet 5 of 5) 
INHERENT (continued) 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 


OOAN OAR WN — 


Stack Pointer — 7 
Vector Address FFFA (hex) 


Vector Address FFFB (hex) 


RELATIVE 


Address Mode and |q cies ee Address Bus R/W Data Bus 
Instructions Line 


ooooooo°o — 


Opcode 
Irrelevant Data 
Return Address (low order byte) 
Return Address (high order byte 
Index Register (low order byte) 
Index Register (high order byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code 
Register 

Irrelevant Data 

Address of Subroutine 

(high order byte) 

Address of Subroutine 

(low order byte) 


— 


Address mode and Cycles as Address Bus R/W Data Bus 
Instructions Line 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 
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Opcode 
Branch Offset 
Low Byte of Restart Vector 


Opcode 

Branch Offset 

Low Byte of Restart Vector 
Opcode of Next Instruction 
Return Address (low order byte) 
Return Address (high order byte) 


SOINOEULIDTIOUSIN | ks 


NOSINOHL-S9S 


ZS 
6b/SP 


JSR, Jump to Subroutine SWI, Software Interrupt Main Program 


Nee e eee reece ence ee see EEE 


PC Main Program PC cy Tare 

fo ed 

K = Direct Address 

Main Program = WAI, Wait forinterrupt PC Main Program 
RTI, Return from interrupt interrupt Program 


Main Program PC fea ee reall 
PC 
RTN 


ae 
Main Program 2 Stack 


$8D = BSR 
+K = Offset RTNYW 
: JMP, Jump Main Program _ Main Program 


BSR, Branch To Subroutine 


ES 


S6E = JMP $7E = JMP 
Ky = Next Address 
Extended KU = Next Address 


K= Offset 
e 
e 


e 
Next Instruction 
RTNW K Next Instruction 


RTNL 


Stack 


RTS, Return from Subroutine Subroutine 
PC $39= RTS 


Legend 
RTN= Address of next instruction in Main Program to be executed upon return from subroutine 
RTNw = Most significant byte of Return Address 
RTN{ = Least significant byte of Return Address 
— = Stack Pointer After Execution 
K = 8-bit Unsigned Value 
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PACKAGE MECHANICAL DATA 
P SUFFIX - PLASTIC PACKAGE 


(1) Nominal! dimension 
(2) True geometrical position 


FN SUFFIX - PLASTIC PACKAGE 


Pin 1 identiftcation 
identification connexion 1 


Ls 


Vi 


_e=127,lelelelelelelelelele| 


Typ. 
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ORDERING INFORMATION 


The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to S@S THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 


To initiate a ROM pattern for the MCU, it is necess- 
ary to first contact your local S@S THOMSON rep- 
resentative or distributor. 


EPROMs 


Two 2708 or one 2716 type EPROMs, programmed 
with the customer program (positive logic sense for 
address and data), may be submitted for pattern 
generation. The EPROM must be clearly marked to 
indicate which EPROM corresponds to which ad- 
dress space. The recommended marking proce- 
dure is illustrated below : 


XXxX= Customer ID 


After the EPROM (s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re- 
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica- 
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re- 
turned to SGS THOMSON. The signed verification 
form constitutes the contractual agreement for cre- 
ation of the customer mask. If desired, SGS-THOM- 
SON will program on blank EPROM from the data 
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file used to create the custom mask and aid in the 
verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customers ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi- 
ency they are usually unmarked, packaged in ce- 
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus not 
guaranteed by SGS THOMSON. Quality Assur- 
ance, and should be discarded after verification is 
completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 


The customer must write the binary file name and 
company name on the disk with a felt-tip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6801 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con- 
sider submitting a source listing as well as the fol- 
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in- 
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft- 
ware errors and needs assistance quickly from SGS 
THOMSON factory representatives. 

EFDOS is SGS THOMSON Disk Operating System 
available on development systems such as DE- 
VICE, sx 


MDOS* is MOTOROLA’s Disk Operating System 
available on development systems such as EXOR- 
ciser.... 


* Requires prior factory approval 


Whenever ordering a custom MCU is required, please contact your local SGS THOMSON representative or 
SGS THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to your 


local SGS THOMSON Microelectronics representative. 


ky SGS-THOMSON 
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ORDER CODES 


EF6803 


Device Screening level 


Package Oper. temp 


The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 


EF68A03 
EF68B01/03 


Examples : EF6801P, EF6801FN, EF6801PV. 


Package : C : Ceramic DIL, J: Cerdip DIL, P Plastic DIL, E: LCCC, FN. PLCC; 

Oper. temp. : L* :0°C to 70°C, V :—40°C to +85°C, M :~55°C to +125°C, * . may be omitted 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 


® 
w 
= 
w 


EXORciser is a registered trade mark of MOTOROLA Inc. 
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EF6801 FAMILY - MCU CUSTOMER ORDERING SHEET 


Commercial reference | | | | | | | | | | | Customer name 


Company 
Address 


Customer’s marking , | | | | | Phone 


Specification reference ; 
Application [J  SGS-THOMSON Microelectronics reference 


ROM capacity required : Number of interrupt vector : | | 


Quality level : 
LJ stp 
LJ bp 


Temperature range : 
Ll 0'C/+70°C 
LJ -40°C/+85°C 


Ch ~40°C/+ 105°C LJ = Other* (customer's quality specification ref.) : 


Pack : Software developped by : 
Coe [J SGS-THOMSON Microelectronics application lab. 


Plastic 
—e (J = External lab. 
Customer 


PATTERN MEDIA (a listing may be supplied in addition OPTION MIST 


for checking purpose) : | 
EPROM Reference : -Internal max. clock frequency : 


1) EFDOS/MDOS* disk file 7 1.0MHz 
‘i 1.25MHz 
LI 8" floppy 


LJ 1.5MHz 
LI 5" 1/4 floppy LJ 2.0MHz 


Other * 


* Requires prior factory approval 


Yearly quantity forecast : start of production date : 
for a shipment period of : 


CUSTOMER CONTACT NAME : SIGNATURE : 
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ST] 


MICROELECTRONICS EF6803U4 


MICROCOMPUTER/MICROPROCESSOR 


ADVANCE DATA 


» ENHANCED EF6800 INSTRUCTION SET 

» UPWARD SOURCE AND OBJECT CODE 
COMPATIBILITY WITH THE EF6800 AND 
EF6801 

a BUS COMPATIBILITY WITH THE EF6800 
FAMILY 

a 8X 8 MULTIPLY INSTRUCTION 

a» SINGLE-CHIP OR EXPANDED OPERATION 


TO 64K BYTE ADDRESS SPACE 

a INTERNAL CLOCK GENERATOR WITH 
DIVIDE-BY-FOUR OUTPUT P SUFFIX 

» SERIAL COMMUNICATIONS INTERFACE (Plastic Package) 
(SCI) 


» 16-BIT SIX-FUNCTION PROGRAMMABLE 
TIMER 

» THREE OUTPUT COMPARE FUNCTIONS 

» TWO INPUT CAPTURE FUNCTIONS 

» COUNTER ALTERNATE ADDRESS 

» 4096 BYTES OF ROM (EF6801U4) 

» 192 BYTES OF RAM 

2 32 BYTES OF RAM RETAINABLE DURING 
POWER DOWN 

» 29 PARALLEL IO AND TWO HANDSHAKE FN SUFFIX 
CONTROL LINES (PLCC 44) 

= NMI INHIBITED UNTIL STACK LOAD 

» — 40°C TO 85°C TEMPERATURE RANGE 


PIN CONNECTIONS 


} YCC 
Standby 


May 1989 1/56 


This is advance information on a new product now in development or undergoing evaluation. Details are subject to change without notice 
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DESCRIPTION 


The EF6801U4 is an 8-bit single-chip microcom- 
puter unit (MCU) which enhances the capabilities of 
the EF6801 and significantly enhances the capa- 
bilities of the EF6800 Family of parts. It includes an 
EF6801 microprocessor unit (MPU) with direct ob- 
ject-code compatibility and upward object-code 
compatibility with the EF6800. Execution times of 
key instructions have been improved over the 
EF6800 and the new instructions found on the 


EF6801 are included. The MCU can function as a 
monolithic microcomputer or can be expanded to a 
64K byte address space. It is TTL compatible and 
requires one + 5-volt power supply. On-chip resour- 
ces include 4096 bytes of ROM, 192 bytes of RAM, 
a serial communications interface (SCI), parallel I/O, 
and a 16-bit six-function programmable timer. The 
EF6803U4 can be considered as an EF6801U4 
operating in modes 2 or 3 ; i.e., those that do not 
use internal ROM. 


EF6801U4 MICROCOMPUTER FAMILY BLOCK DIAGRAM 


Expanded Multiplexed 
Expanded Non-Multiplexed 
Single Chip 


. Vcc Standby Standby 
RAM 


NOTE . No functioning ROM in EF6803U4. 
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ABSOLUTE MAXIMUM RATINGS 


EF68A01/03U4 
EF6801/03U4, EF6801/03U4-1 : V Suffix 


Storage Temperature Range 


Parameter Value 


Supply Voltage — 0.3 to + 7.0 
Input Voltage — 0.3 to + 7.0 


Ta Operating Temperature Range 
EF6801/03U4, EF6801/03U4-1, 


Ty to Ty 


0 to 70 


°C 
— 40 to 85 


— 55 to + 150 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields , however, it is advised 
that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit. 
For proper operation it is recommended that Vin and Vou be constrained to the range Vss < (Vin Or Vout) < Vcc. Input protection is en- 


hanced by connecting unused inputs to either Vop or Vss. 


THERMAL DATA 


Oya Thermal Resistance Plastic 


PLCC 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C 
can be obtained from : 
Ty =Ta+(Pp ° @ya) (1) 
Where 
Ta = Ambient Temperature, °C 
O8ya = Package Thermal Resistance, Junc- 
tion-to-Ambient, “C/W 
Pp = Pint + Prort 
Pint = Icc x Vcc, Watts - Chip Internal Power 


Pport = Port Power Dissipation, Watts - User Deter- 
mined 


For most applications Peort << Pint and can be ne- 
glected. Pport may become significant if the device 


50 °C/W 
100 


is configured to drive Darlington bases or sink LED 
loads. 


An approximate relationship between Pp and Ty 
(if Pport is neglected) is : 


Pp =K+ (Ty + 273°C) (2) 
Solving equations 1 and 2 for K gives : 
K=Pp*(Ta+ 273°C) +6ua° Pp? (3) 


Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Pp (at equilibrium) for a known Ta. Using 
this value of K the values of Pp and Ty can be ob- 
tained by solving equations (1) and (2) iteratively for 
any value of Ta. 


CONTROL TIMING (Vgc = 5.0V + 5%, Vsg = 0, Ta = 0 to 70° 


Symbol Parameter 


C) 
EF6801U4 |EF6801U4-1 | EF68A01U4 | EF68B01U4 
EF6803U4 |EF6803U4-1| EF68A03U4 | EF68B03U4 


een ri Sebi re) wt 
Tien | Grstal Frequency +20 | 40 [20 | so | 20 | 60 | 20 | 80 | Mie 
Faia | Extemal Oscilator Frequency [20 | 40 [20 | so | 20 | 0 | 20 | 60 | wiz 
Tie | Grysia Oscilaor Starup Time [| 100[ | 100 | | 100 | | 100 | ms | 
Tires | Processor Gontrl Setup Time [200] [wo] [vo] [ro] | me | 
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DC ELECTRICAL CHARACTERISTICS 
(Voc = 5.0Vdc + 5%, Vsg = 0, Ta = T, to Ty unless otherwise noted) 


EF6801/03U4 ( EF6801U4/6803U4 
Symbol Parameter 0 to + 70° - - 40 to + ae C 


Input High Voltage RESET Vss + 4.0 Voc Vss + 4.0 Her 
Other iene rere + 2.0 rae ere + 2.2 enn 


| Vn | Input Low Voltage =A Inputs* | Low Voltage All Inputs* | Vs5 - 0.3 | — 0.3 | Vs5 + 0.8 | + 0.8 | Vss - 0.3 | - 0.3 | Vsg + 0.8 + 0. s| v | 


Input Load Current (Vi, =O to 2.4V) Port 4 0.5 0.8 
SCl 0.8 1.0 
ee Leakage Current 
Vin =0 to 5.5V) NMI, IRQ1, RESET 2.0 5.0 LA 
ItsI - Z (off-state) Input Current 
(Vin = 0.5 to 2.4V) Port 1, Port 2, Port 3 10 20 yA 
(ILoad =— 65uA, Voc = Min) Port 4,SC1,SC2] Vss + 2.4 Vss + 2.4 V 
(ILoad =— 100A, Voc = Min) Other Outputs | Vss + 2.4 Vss + 2.4 _ 
Output Low Voltage 
(ILoagd = 2.0MA, Voc = Min) All Outputs Vss + 0.5 Vss + 0.6 V 
Darlington Drive Current 
(Vo = 1.5V) Port 1 1.0 4.0 1.0 5.0 mA 
PINT Internal Power Dissipation 
(measured at Ta = T in steady-state 
operation)*** 1200 1500 mw 
Cin Input Capacitance 
(Vin =0, Ta = 25°C, Port 3, Port 4, SC1 12.5 12.5 pF 
fo = 1.0MHz) Other Inputs 10.0 10.0 
Vsspp | Vcc Standby Powerdown 4.0 5.25 4.0 5.25 
Vsp Powerup cued 75 5.25 4.75 5.25 
Standby Current Powerdown| | 38.0 | | 8 | mA 
“ Except mode programming levels ; see figure 16. 
** Negotiable to — 100uA (for further information contact the factory). 
*“* For the EF6801U4/EF6803U4 T_ = 0°C and the the EF6801U4/EF6803U4 : V suffix TL = — 40°C. 
(1) Same values for EF6801/03U4-1, EF68A01/03U4 and EF68B01/03U4. 


Vou Output High Voltage 
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PERIPHERAL PORT TIMING (refer to figures 1.4) 


Cavin [wax [ Min. [ Max. 
Vieosu | Peipheral Data Setup tine | 200 | | 160 | | 10 | 
teow | Peripheral Data Hold Tine | 200 | | 160 | | 100 | 


tosp1 Delay Time, Enable Positive Transition 
to OS3 Negative Transition 


tosp2 | Delay Time, Enable Positive Transition 
to OS3 Positive Transition 


tpwo | Delay Time, Enable Negative Transition 
to Peripheral Data Valid 
Port 1 350 300 250 ns 
Port 2, 3, 4 350 300 
tcmos | Delay Time, Enable Negative Transition 
to Peripheral CMOS Data Valid 2.0 


tows | Input Strobe Pulse Width | 200 | | 150 | | 100 | ns | 
ae 


Tt [input Data How Time ——S«dt so | «ita | id 
tis [input Data Setup me ————~d| eo | a0 | eo Ps 
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Figure 1 : Data Setup and Hold Times Figure 2 : Data Setup and Hold Times (MPU 
(MPU Read). Write). 


MPU Write 


P10-P17 
P20 P24 


P40-P47 
Inputs® 


oscil Data Valid 
Inputs * 


—_ VCE 
4 


Al’ Data 
Data Vala 


Port Outputs 


* Port 3 non-latched operation (latch enable = 0). Notes : 1.10k pullup resistor required for port 2 to reach 0.7 Vcc 
2.Not applicable to P21. 
3.Port 4 cannot be pulled above Vcc 


Figure 3 : Port 3 Output Strobe Timing Figure 4 : Port 3 Latch Timing 
(EF6801U4 single-chip mode). (EF6801U4 single-chip mode). 


MPU Access of Port 3* 


= 


* Access matches output strobe select (OSS = 0, aread ; 
OSS = 1, a write) 
Note : Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2 0 volts, unless otherwise 
noted 
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Figure 5 : CMOS Load. Figure 6 : Timing Test Load Ports 1, 2, 3, and 4. 


VCC 


RL =18ka2 


Test Point 1N916 


Test Point or equiv. 
| 1N4148 
7 30 pF or equiv. 


C=90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R=37 kQ for P40-P47, SC1, SC2 
= 24 kf for P10-P17, P20-P24- 
= 24 kf for P30-P37, E 


BUS TIMING (see notes 1 and 2, and figure 7) 


i emia parent EF6803U4 |EF6803U4-1| EF68A03U4 | EF68B03U4 

| Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | 
1 [tye | Gyetine | 10 | 20 | 8 | 20 [oes | 20 | 05 | 20 | as | 
PWeL 
Pa [tats | Clock Rise andFaltime| | 25 | | 2 | | 25 | | 20 | ns | 
| 9 | tay [Address Hold Time - | 20 | | 20 | [| 20 | | 10 | ns 


taH 

tav 
a 
Town | Read DataHold Time | to || 10 [10] | 0 |] ns 
Ttoow | Wite Data Delay Time | [208 || aot [160 |_| 120 [ ns 


aes 

Non-muxed Address 
pw | Neetinewer = | a00| [sol fs] | | | os 
80 | ae ees 


Write DataHold Time | 20 | | 20 | =[ 20 | | to | ns | 
22 tavo Muxed Address Valid 
Time to E Rise* 160 120 100 ns 
24 tasL Muxed Address Valid 
Time to AS Fall* 40 30 30 20 ns 
| ns 


Delay Time, AS to E Rise” | 90 — 


tacc Usable Access Time” 555 
(see note 3) 


At specified cycle time 


8 

ro) 
as 
nn 
a 
77) 


* 
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Figure 7 : Bus Timing. 


afin a 


oe 


(Non-Muxed) 


Addr/Data 
Muxed 


Addr/Data 
Muxed 


Address 
Strobe (AS) 


Notes: 


. Voltage levels shown are VL < 0.5V, Vu 2 2 4V, unless otherwise specified. 


. Measurement points shown are 0.8V and 2 OV, unless otherwise specified. 


. Memory devices should be enabled only during E high to avoid port 3 bus contention 
. Item 26 ts different from the EF6801 but It is upward compatible. 


INTRODUCTION 


The EF6801 U4 is an 8-bit monolithic microcomputer 
which can be configured to function in a wide var- 
iety of applications. The facility which provides this 
extraordinary flexibility is its ability to be hardware 
programmed into eight different operating modes. 
The operating mode controls the configuration of 18 
of the 40 MCU pins, available on-chip resources, 
memory map, location (internal or external) of inter- 
rupt vectors, and type of external bus. The configu- 
ration of the remaining 22 pins is not dependent on 
the operating mode. 


Twenty-nine pins are organized as three 8-bit ports 
and one 5-bit port. Each port consists of at least a 
data register and a write-only data direction regis- 


1 
2 
3. Usable access time is computed by 22 + 3-17 + 4. 
4 
5 


ter. The data direction register is used to define 
whether corresponding bits in the data register are 
configured as an input (clear) or output (set). 


The term "port" by itself refers to all of the hardware 
associated with the port. When the port is used as 
a "data port" or "I/O port", it is controlled by the port 
data direction register and the programmer has di- 
rect access to the port pins using the port data reg- 
ister. Port pins are labeled as Pij where i identifies 
one of four ports and j indicates the particular bit. 


The microprocessor unit (MPU) is an enhanced 
EF6800 MPU with additional capabilities and 
greater throughput. It is upward source and object 
code compatible with the EF6800 and the EF6801. 
The programming model is depicted in figure 8 
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where accumulator D is a concatenation of accumu- The EF6803U4 can be considered an EF6801U4 
lators A and B. A list of new operations added to the that operates in modes 2 and 3 only. 
EF6800 instruction set are shown in table 1. 


Figure 8 : Programming Model. 


8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 


OF Index Register (X) 


OF Stack Pointer (SP) 


O} Program Counter (PC) 


0 
afataf i iy{z[v{c] Condition Code Register (CCR) 


Carry/ Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 


Table 1 : New Instructions. 


Unsigned addition of accumulator B to index register. 
Adds (without carry) the double accumulator to memory and leaves the sum in the double 
accumulator. 

Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is 
shifted into the C bit. 

Branch if higher or same, unsigned conditional branch (same as BCC). 

Branch if lower, unsigned conditional branch (same as BCS). 

Branch never. 

Additional addressing mode direct. 

Loads double accumulator from memory. 

Shifts memory or accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is 
shifted into the C bit (same as ASL). 

Shifts the double accumulator right (towards LSB) one bit, the MSB is cleared, and the LSB is 
shifted into the C bit. 

Unsigned multiply, multiplies the two accumulators and leaves the product in the double 
accumulator. 

Pushes the index register to stack. 

Pulls the index register from stack. 

Stores the double accumulator to memory. 

Substracts memory from the double acccumulator and leaves the difference in the double 
accumulator. 

Internal processing modified to permit its use with any conditional branch instruction. 
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OPERATING MODES 


The EF6801U4 provides seven different operating 
‘modes (modes 0 through 3 and 5 through 7) and the 
EF6803U4 provides two operating modes (modes 
2 and 3). The operating modes are hardware select- 
able and determine the device memory map, the 
configuration of port 3, port 4, SC1, SC2, and the 
physical location of the interrupt vectors. 


FUNDAMENTAL MODES 


The seven operating modes (0-3, 5-7) can be 
grouped into three fundamental modes which refer 
to the type of bus it supports : single chip, expanded 
non-multiplexed, and expanded multiplexed. Single 


chip is mode 7, expanded non-multiplexed is mode 
5, and the remaining 5 are expanded multiplexed 
modes. Table 2 summarizes the characteristics of 
the operating modes. 


EF6801U4 SINGLE-CHIP MODE (7) - In the single- 
chip mode, the four MCU ports are configured as 
parallel input/output data ports, as shown in figure 
9. The MCU functions as a monolithic microcom- 
puter in this mode without external address or data 
buses. A maximum of 29 |/O lines and two port 3 
control lines are provided. Peripherals or another 
MCU can be interfaced to port 3 in a loosely coupled 
dual-processor configuration, as shown in figure 10. 


Table 2 : Summary of EF6801U4/EF6803U4 Operating Modes. 


Single-chip (mode 7) 
192 Bytes of RAM, 4096 Bytes of ROM 
Port 3 is a parallel I/O port with two control lines. 
Port 4 is a parallel I/O port. 
Expanded Non-multiplexed (mode 5) 
192 Bytes of RAM, 4096 Bytes of ROM 
256 Bytes of External Memory Space 
Port 3 is an 8-bit data bus. 
Port 4 is an input port/address bus. 
Expanded Multiplexed (modes 0, 1, 2, 3, 6”) 


Four Memory Space Options (total 64K address space) 
(1) Internal RAM and ROM with Partial Address Bus (mode 1) 
(2) Internal RAM, no ROM (mode 2) 
(3) Extended Addressing of Internal I/O and RAM 
(4) Internal RAM and ROM with Partial Address Bus (mode 6) 
Port 3 is multiplexed address/data bus. 
Port 4 is address bus (inputs/address in mode 6). 
Test Mode (mode 0) : 
May be used to test internal RAM and ROM. 
May be used to test ports 3 and 4 as I/O ports by writing into mode 7. 
Only modes 5, 6, and 7 can be irreversibly entered from mode 0. 
Ressources Common to All Modes 
Reserved Register Area 
Port 1 Input/output Operation 
Port 2 Input/output Operation 
Timer Operation 
Serial Communications Interface Operation 


* The EF6803U4 operates only in modes 2 and 3 
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Figure 9 : Single-chip Mode. 


Vcc Standby ———> 


RESET 


Port 1 
8 1/0 Lines 
16-Bit Timer 


Port 4 4 
8! OLines * 


‘Figure 10 : Single-chip Dual Processor Configuration. 


C 


Vcc Standby 


Port 3, 81.0 Lines 


16-Bit Timer 


Port 2 
51 OLires 
SCl 
16-Bit Timer 


EF6801U4 EXPANDED NON-MULTIPLEXED 
MODE (5) - A modest amount of external memory 
space is provided in the expanded non-multiplexed 
mode while significant on-chip resources are ‘re- 
tained. Port 3 functions as an 8-bit bidirectional data 
bus and port 4 is configured initially as an input data 
port. Any combination of the eight least significant 
address lines may be obtained by writing to the port 
4 data direction register. Stated alternatively, any 
combination of AO to A7 may be provided while re- 


EF6801U4/EF6803U4 


Port 3 
8! OLines 


51 Obines 
Serial | O 
16 Bit Timer 


CI 


VCC Standby 
RESET 


EF6801U4 
Port } 
8! 0 
Lines 
16-Bit Timer 


1S3 


$3 


Port 2 


5! OLtnes 


SCl 


16-Bit Timer 


taining the remainder as input data lines. Internal 
pullup resistors pull the port 4 lines high until the port 
is configured. 


Figure 11 illustrates a typical system configuration 
in the expanded non-multiplexed mode. The MCU 
interfaces directly with EF6800 family parts and can 
access 256 bytes of external address space at $100 
through $1FF. lOS provides an address decode of 
external memory ($100-$1FF) and can be used as 
a memory-page select or chip-select line. 
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EXPANDED MULTIPLEXED MODES (0, 1, 2, 3, 6) 
- A 64K byte memory space is provided in the ex- 
panded multiplexed modes. In each of the ex- 
panded multiplexed modes, port 3 functions as a 
time multiplexed address/data bus with address 
valid on the negative edge of address strobe (AS) 
and data valid while E is high. In modes 0, 2, and 3, 
port 4 provides address lines A8 to A15. In modes 
1 and 6, however, port 4 initially is configured at 
reset as an input data port. The port 4 data direction 
register can then be changed to provide any combi- 
nation of address lines A8 to A15. Stated alterna- 
tively, any subset of A8 to A15 can be provided while 
retaining the remaining port 4 lines as input data 
lines. Internal pullup resistors pull the port 4 lines 
high until software configures the port. In mode 1, 
the internal pullup resistors will hold the upper ad- 
dress lines high producing a value of $FFXX for a 
reset vector. A simple method of getting the desired 
address lines configured as outputs is to have an 
external EPROM not fully decoded so it appears at 
two address locations (i.e., SFXXX and $BXXX). 
Then, when the reset vector appears as $FFFE, the 


Figure 11 : Expanded Non-multiplexed Configuration. 


Vcc Standby 
RESET 


Port 1 
8 1/0 Lines 
16-Bit Timer * 


Port 2 
51/0 
Lines 
Serial 1/0 
16-Bit Timer 


EPROM will be accessed and can point to an ad- 
dress in the top $100 bytes of the internal or exter- 
nal ROM/EPROM that will configure port 4 as 
desired. 


In mode 0, the reset and interrupt vectors are lo- 
cated at $BFFO-$BFFF. In addition, the internal and 
external data buses are connected, so there must 
be no memory map overlap in order to avoid poten- 
tial bus conflicts. By writing the PCO-PC2 bits in the 
port 2 data register, modes 5, 6, and 7 can be irre- 
versibly entered from mode 0. Mode 0 is used pri- 
marily to verify the ROM pattern and monitor the 
internal data bus with the automated test equip- 
ment. 


Only the EF6801U4 can operate in each of the ex- 
panded multiplexed modes. The EF6803U4 oper- 
ates only in modes 2 and 3. 


Figure 12 depicts a typical configuration for the ex- 
panded multiplexed modes. Address strobe can be 
used to control a transparent D-type latch to capture 
addresses A0-A7, as shown in figure 13. This allows 
port 3 to function as a data bus when E is high. 


Address Lines 
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Figure 12 : Expanded Multiplexed Configuration. 


Port 3 
8% 1/0 Lines 8 Lines 


16-Bit Timer R/w Multiplexed Data Address 


Port 2 AS 

5 1/0 Lines 
Senial 1/O 

16-Bit Timer 


Port 4 
8 Lines 
Address Bus 


Data Bus 
(DO-D7) 


Address Bus 


__ (A0-A15) 
EF6803U4 IR/w 16 iW a7: 
aa 


81/0 
16-Bit Timer 
Port 2 
51/0 
SCl 
Timer 


Note : To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E 
high time. 


Figure 13 : Typical Latch Arrangement. 


Port 3 74LS373 


Address AO A7 
Address/Ddta (Typical) 


Data DO-D7 
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PROGRAMMING THE MODE 


The operating mode is determined at RESET by the 
levels asserted on P22, P21, and P20. These levels 
are latched into PC2, PC1, and PCO of the program 
control register on the positive edge of RESET. The 
operating mode may be read from the port 2 data 
register, as shown below, and programming levels 
and timing must be met as shown in figure 14. A 
brief outline of the operating modes is shown in ta- 
ble 3. 
PORT 2 DATA REGISTER 


7. Bs 6 BD .. A. 0 
/PC2| PC1| PCO | P24 | P23 | P22 | P21 [P20|$03 


Figure 14 : Mode Programming Timing. 


Mode Inputs 
(P20, P21, P22) 


MODE PROGRAMMING (refer to figure 14) 


Circuitry to provide the programming levels is de- 
pendent primarily on the normal system usage of 
the three pins. If configured as outputs, the circuit 
shown in figure 15 may be used ; otherwise, three- 
state buffers can be used to provide isolation while 
programming the mode. 


MEMORY MAPS 


The EF6801U4/EF6803U4 can provide up to 64K 
byte address space depending on the operating 
mode. A memory map for each operating mode is 
shown in figure 16. The first 32 locations of each 
map are reserved for the internal register area, as 
shown in table 4, with exceptions as indicated. 


See Figure 15 


for Diode Arrangement 
VMPDD 


VMPL 


(P20, P21, P22) 
o Mode Latch 


— a ee oe” 


ACSET Level 


RESET Low Pulse Width . 3.0 


Mode Programming Setup Time 2.0 


tmPH Mode Programming Hold Time 
RESET Rise Time = 1us 
RESET Rise Time < ius 
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Table 3 : Mode Selection Summary. 


ro | i | es [Fag [nom eam | ec | evemese | orwrinenete 
| 7 | H | H | Hf ot | | Single Chip, 
Se ee ee ee 
Ps | Hp} e | we} st ft {tt _| NMux?®) | Non-muttiplexed/partial Decode | 
Pa petite, | | || Uncen 
ps fe tae tae Pett {| ef mux) | MuttiplexeRam 
p22 fe |e pe) Pete {ef mx | Muttiplexearam | 
Pape pe pa Pt © | mux | wutiptexed/aM and ROM 
Poo Pepe pe Pt Pe fe} Mux | Muttipiexed Test 


Legend 

| - Internal 

E - External 

MUX - Multiplexed 
NMUX - Non-Multiplexed 


1. Addresses associated with ports 3 and 4 are considered external in modes 0, 1, 2, and 3. 

2. Addresses associated with port 3 are considered external in modes 5 and 6 

3. Port 4 default is user data input ; address output is optional by writing to port 4 data direction register. 
4. Mode 4 Is anon-user mode and should not be used as an operating mode. 

5. Mode 3 has the internal RAM and internal registers relocated at $D000-$DOFF. 

* The EF6803U4 operates only in modes 2 and 3. 


Figure 15 : Typical Mode Programming Circuit. 


EF6801U4 
EF6803U4 


Mode 


NOTES . Control 
1 Mode 7 as shown Switches 
2 R2C = Reset time constant 

3 Ri = 10k (typical) 

4.D = 1N914, 1N4001 (typical) 

5. Diode Vi should no exceed Vappp min. 
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Figure 16 : EF6801U4/EF6803U4 Memory Maps (sheet 1 of 4). 


Multiplexed Test Mode 


CT 


Excludes the following addresses which may be 
used externally : $04, $05, $06, $07, and SOF. 
The interrupt vectors are at $BFFO-$BFFF. 

There must be no overlapping of internal and ex- 
ternal memory spaces to avoid driving the data 
bus with more than one device. 


EF6801U4 0 
Mode 


This mode is the only mode which may be used 
to examine the entire ROM using an external 
RESET vector. 

Modes 5-7 can be trreversibly entered from mode 
0 by writing to the PCO-PC2 bits of the port 2 
data register. 
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Figure 16 : EF6801U4/EF6803U4 Memory Maps (sheet 2 of 4). 


EF6801U4 EF6801U4 
Mode EF6803U4 
Mode 


Multiplexed/RAM & ROM Multiplexed/RAM 


$0000!1) v7 
YY Internal Registers Internal Registers 
$O01F Z, 
C ! External Memory Space Exernaltemory Guses 


ee a 
a Ys Internal RAM Internal RAM 


External Memory Space 
é 


External Memory Space 


SFFFO 
SFFFF 


WI) monn 
etal 


\ External Interrupt Vectors 


NOTES: 
1) Excludes the following addresses which may 
be used externally: $05 and $07. 
2) Internal ROM addresses $FFFO to $FFFF are 1) Excludes the following addresses which may 
not usable. be used externally: $04, $05, $06, $07, and 
3) Address lines A8-A15 will not contain ad- SOF. 
dresses until the data direction register for 
port 4 has been written with ‘’1s’’ in the ap- 
propriate bits. These address lines will assert 
“Is” until made outputs by writing the data 
direction register. 
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Figure 16 : EF6801U4/EF6803U4 Memory Maps (sheet 3 of 4). 


EF6801U4 
EF6803U4 EF6801U4 
Mode 


Mode 


Multiplexed/RAM Non-Multiplexed/ Partial Decode 
50000!) $0000!) 
$001F 


internal Registers 


Wnusable 
External Memory Space Internal RAM 


External Memory Space 


| 
Unusable 


Internal ROM 


Internal Interrupt Vectors 


NOTES: 

1) Relocating the internal registers and the inter- 1) Excludes the following addresses which may 
nal RAM to high memory allows the pro- not be used externally $04, $06, and SOF (no 
cessor to make use of direct addressing 10S) 

2) Excludes the following addresses which may Address lines AO to A7 will not contain ad- 


be used externally’ $D004, $D005, $D006, dresses until the data direction register for 
$D007, and $DOOF. port 4 has been written with 1s’’ in the ap- 


propriate bits These address lines will assert 
1s’ until made outputs by writing the data 
direction register 
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Figure 16 : EF6801U4/EF6803U4 Memory Maps (sheet 4 of 4). 


EF6801U4 EF6801U4 
Mode Mode 


Multiplexed/Partial Decode Single Chip 


; $0000 
Internal Registers Internal Registers 
$O01F 


External Memory Space Unusable 
$0040 
Internal RAM Internal RAM 


SOOFF 


External Memory Space Unusable 


internal ROM Internal ROM 


Internal Interrupt Vectors Internal Interrupt Vectors 


1) Excludes the following addresses which may 
be used externally: $04, $06, SOF 

2) Address lines A8-A15 will not contain ad- 
dresses until the data direction register for 
port 4 has been wniten with ‘'1s” in the ap- 
propriate bits. These address lines will assert 
“1s until made outputs by writing the data 
direction register. 
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Table 4 : Internal Register Area. 


Other 
Modes 


Register 


Port 1 Data Direction Register*** 
Port 2 Data Direction Register*** 
Port 1 Data Register 
Port 2 Data Register 


Port 3 Data Direction Register*** 
Port 4 Data Direction Register*** 
Port 3 Data Register 
Port 4 Data Register 


Timer Control and Status Register 


Counter (high byte) 
Counter (low byte) 
Output Compare Register 
(high byte) 


Output Compare Register 
(low byte) 

Input Capture Register 
(high byte) 

Input Capture Register 
(low byte) 

Port 3 Control and Status 
Register 


Rate and Mode Control Register 
Transmit/receive Control and 
Status Register 

Receive Data Register 

Transmit Data Register 


RAM Control Register 
Counter Alternate Address 
(high byte) 

Counter Alternate Address 
(low byte) 

Timer Control Register 1 


Timer Control Register 2 
Timer Status Register 
Output Compare Register 2 
(high byte) 

Output Compare Register 2 
(low byte) 


Output Compare Register 3 
(high byte) 

Output Compare Register 3 
(low byte) 

Input Capture Register 2 
(high byte) 

Input Capture Register 2 
(low byte) 


External addresses in modes 0, 1, 2, 3, 5 and 6 cannot be 


EF6801U4/EF6803U4 INTERRUPTS 


The EF6801 Family supports two types of interrupt 
requests : maskable_and non-maskable. A non- 
maskable interrupt (NMI) is always recognized and 
acted upon at the completion of the current instruc- 
tion. Maskable interrupts are controlled by the con- 
dition code register | bit and by individual enable bits. 
The | bit controls all maskable interrupts. Of the 
maskable interrupts, there are two types : IRQ and 
IRQ2. The programmable timer and_serial com- 
munications interface use an internal IRQ2 interrupt 
line, as shown in the block diagram. External de- 
vices and IS3_use IRQ1. An |RQ1 interrupt is ser- 
viced before IRQ2 if both are pending. 


NOTE 


After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI gener- 
ated before this load will be remembered by the pro- 
cessor and serviced subsequent to the stack pointer 
load. 


All |IRQ2 interrupts use hardware prioritized vectors. 
The single SCI interrupt and three timer interrupts 
are serviced in a prioritized order and each is vec- 
tored to a separate location. All interrupt vector lo- 
cations are shown in table 5. In mode 0, reset and 
interrupt vectors are defined as $BFFO-$BFFF. 


The interrupt flowchart is depicted in figure 17 and 
is common to every interrupt excluding reset. Dur- 
ing interrupt servicing, the program counter, index 
register, A accumulator, B accumulator, and condi- 
tion code register are pushed to the stack. The | bit 
is set to inhibit maskable interrupts and a vector is 
fetched corresponding to the current highest priority 
interrupt. The vector is transferred to the program 
counter and instruction execution is resumed. Inter- 
rupt and RESET timing are illustrated in figures 18 
and 19. 


accessed in mode 5 (no IOS). 
External Addresses in Modes 0, 2, and 3. 
1 = Output, 0 = Input. 
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Table 5 : MCU Interrupt Vector Locations. 


RESET 
Non-maskable Interrupt** 
Software Interrupt 


Maskable Interrupt Request 1 
Input Capture Flag* 

Output Compare Flag” 

Timer Overflow Flag” 

Serial Communications Interface* 


* IRQ2 interrupt 
NMI must be armed (by accessing stack pointer) before an NMI 1s executed. 
Mode 4 interrupt vectors are undefined. 
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FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss 


Vcc and Vss provide power to a large portion of the 
MCU. The power supply should provide + 5 volts 
(+ 5%) to Vcc and Vss should be tied to ground. 
Total power dissipation (including Vcc standby) will 
not exceed Pp milliwatts. 


Vcc STANDBY 


Vcc standby provides power to the standby portion 
($40 through $5F in all modes except mode 3 which 
is $D040 through $DO5F) of the RAM and the STBY 
PWR and RAME bits of the RAM control register. 
Voltage requirements depend on whether the de- 
vice is in a power-up or power-down state. In the 
power-up state, the power supply should provide 
+ 5 volts (+5%) and must reach Vsp volts before 
RESET reaches 4.0 volts. During power down, Vcc 
standby must remain above Vsss (minimum) to sus- 
tain the standby RAM and STBY PWR bit. While in 
power-down operation, the standby current will not 
exceed Ispe. 


It is typical to power both Vcc and Vcc standby from 
the same source during normal operation. A diode 
must be used between them to prevent supplying 
power to Vcc during power-down operation. 


XTAL1 AND EXTAL2 


These two input pins interface either a crystal or 
TTL-compatible clock to the MCU internal clock 
generator. Divide-by-four circuitry is included which 
allows use of the inexpensive 3.58MHz or 
4.4336MHz color burst TV crystals. A 20pF capaci- 
tor should be tied from each crystal pin to ground to 
ensure reliable startup and operation. Alternatively, 
EXTAL2 may be driven by an external TTL-com- 
patible clock at 4 fo with a duty cycle of 50% (+ 5%) 
with XTAL1 connected ground. 


The internal oscillator is designed to interface with 
an AT-cut quartz crystal resonator operated in par- 
allel resonance mode in the frequency range speci- 
fied for fxtaL. The crystal should be mounted as 
close as possible to the input pins to minimize out- 
put distortion and startup stabilization time. The 
MCU is compatible with most commercially avail- 
able crystals. Nominal crystal parameters are 
shown in figure 20. 


RESET 


This input is used to reset the internal state of the 
device and provide_an orderly startup procedure. 
During power up, RESET must be held below 
0.8 volt : (1) at least tac after Vcc reaches 4.75 volts 
in order to provide sufficient time for the clock gen- 
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erator to stabilize, and (2) until Vcc standby reaches 
4.75 volts. RESET must be held low at least three 
E cycles if asserted during power-up operation. 


E (ENABLE) 


This is an output clock used primarily for bus syn- 
chronization. It is TTL compatible and is the slightly 
skewed divide-by-four result of the device input 
clock frequency. It will drive one Schottky TTL load 
and 90pF, and all data given in cycles is referenced 
to this clock unless otherwise noted. 


NMI (NON-MASKABLE INTERRUPT) 


An NMI negative edge requests an MCU interrupt 
sequence, but the current instruction will be com- 
pleted before it responds to the request. The MCU 
will then begin an interrupt sequence. Finally, a vec- 
tor is fetched from $FFFC and $FFFD (S$BFFC and 
$BFFD in mode 0), transferred to the program 
counter, and instruction execution is resumed. NMI 
typically requires a 3.3kQ (nominal) resistor to Vcc. 
There is no internal NMI pullup resistor. NMI must 
be held low for at least one E cycle to be recognized 
under all conditions. 


NOTE 


After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI gener- 
ated before this load will remain pending by the pro- 
cessor. 


IRQ1 (MASKABLE INTERRUPT REQUEST 1) 


IRQ1 is a level-sensitive input which can be used to 
request an interrupt sequence. The MPU will com- 
plete the current instruction before it responds to the 
request. If the interrupt mask bit (I bit) in the condi- 
tion code register is clear, the MCU will begin an in- 
terrupt sequence. A vector is fetched from $FFF8 
and $FFF9 ($BFF8 and $BFF9 in mode 0), trans- 
ferred to the program counter, and instruction ex- 
ecution is resumed. 


IRQ1 typically requires an external 3.3kQ (nominal) 
resistor to Vcc for wire-OR applications. IRQ1 has 
no internal pullup resistor. 


SC1 AND SC2 (STROBE CONTROL 1 AND 2) 


The function of SC1 and SC2 depends on the oper- 
ating mode. SCi is configured as an output in all 
modes except single-chip mode, whereas SC2 is al- 
ways an output. SC1 and SC2 can drive one Schott- 
ky load and 90pF. 

SC1 AND SC2 IN SINGLE-CHIP MODE - In single- 
chip mode, SC1 and SC2 are configured as an input 


and output, respectively, and both function as 
port 3 control lines. SC1 functions as IS3 and can 
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be used to indicate that port 3 input data is ready or 
output data has been accepted. Three options as- 
sociated with IS3 are controlled by the port 3 control 
and status register and are discussed in the port 3 
description ; refer to P30-P37 (PORT 3). If unused, 
IS3 can remain unconnected. 


SC2 is configured as OS3 and can be used to strobe 
output data or acknowledge innut data. It is control- 
led by output strobe select (OSS) in the port 3 con- 
trol and status register. The strobe is generated by 
aread (OSS = 0) or write (OSS = 1) to the port 3 data 
register. OS3 timing is shown in figure 3. 


SC1 AND SC2 IN EXPANDED NON-MULTI- 
PLEXED MODE - In the expanded non-multiplexed 
mode, both SC1 and SC2 are configured as outputs. 


EF6801U4/EF6803U4 


SC functions as input/output select (IOS) and is as- 
serted only when $0100 through $01FF is sensed 
on the internal address bus. 


SC2 is configured as read/write and is used to con- 
trol the direction of data bus transfers. An MPU read 
is enabled when read/write and E are high. 


$C1 AND SC2 IN EXPANDED MULTIPLEXED 
MODE - In the expanded multiplexed modes, both 
SC1 and SC2 are configured as outputs. SC1 func- 
tions as address strobe and can be used to demulti- 
plex the eight least significant addresses and the 
data bus. A latch controlled by address strobe cap- 
tures the lower address on the negative edge, as 
shown in figure 13. 


Figure 20 : EF6801U4/EF6803U4 Family Oscillator Characteristics. 


(a) Nominal Recommended Crystal Parameters 


Nominal Crystal Parameters” 


Cl =20 pF (typical) 


Note : These are representative 
AT-cut crystal parameters only. 
Crystals of other types of cut may 
also be used 


Equivalent Circuit 


(b) Oscillator Stabilization Time (tRc) 


RESET 
ae 


Oscillator 
Stabilization 
Time, tac 
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SC2 is configured as read/write and is used to con- 
trol the direction of data bus transfers. An MPU read 
is enabled when read/write and E are high. 


P10-P17 (PORT 1) 


Port 1 is a mode independent 8-bit I/O and timer 
port. Each line can be configured as either an input 
or output as defined by the port 1 data direction reg- 
ister. Port 1 bits 0, 1, and 2 (P10, P11, and P12) can 
also be used to exercise one input edge function 
and two output compare functions of the timer. The 
TTL compatible three-state buffers can drive one 
Schottky TTL load and 30pF, Darlington transistors, 
or CMOS devices using external pullup resistors. It 
is configured as a data input port during RESET. Un- 
-used pins can remain unconnected. 


P20-P24 (PORT 2) 


Port 2 is a mode-independent, 5-bit, multipurpose 
I/O port. The voltage levels present on P20, P21, 
and P22 on the rising edge of RESET determine the 
operating mode of the MCU. The entire port is then 
configured as a data input port. The port 2 lines can 
be selectively configured as data output lines by set- 
ting the appropriate bits in the port 2 data direction 
register. The port 2 data register is used to move 
data through the port. However, if P21 is configured 
as an output, it is tied to the timer output compare 1 
function and cannot be used to provide output from 
the port 2 data register unless output enable 1 (OE1) 
is cleared in timer control register 1. 


Port 2 can also be used to provide an interface for 
the serial communications interface and the timer 
input edge function. These configurations are de- 
scribed in SERIAL COMMUNICATIONS INTER- 
FACE and PROGRAMMABLE TIMER. 


The port 2 three-state TTL-compatible output buf- 
fers are capable of driving one Schottky TTL load 
and 30pF, or CMOS devices using external pullup 
resistors. 


PORT 2 DATA REGISTER 
7 6 5 4 3 2 1 0 


P30-P37 (PORT 3) 


Port 3 can be configured as an I/O port, a bidirec- 
tional 8-bit data bus, or a multiplexed address/data 
bus depending on the operating mode. The TTL 
compatible three-state output buffers can drive one 
Schottky TTL load and 90pF. Unused lines can re- 
main unconnected. 


PORT 3 IN SINGLE-CHIP MODE - Port 3 is an 8- 
bit I/O port in the single-chip mode with each line 
configured by the port 3 data direction register. 
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There are also two lines, IS3 and OS3, which can 
be used to control port 3 data transfers. Three 
port 3 options are controlled by the port 3 control 
and status register and are available only in single- 
chip mode : 1) port 3 input data can be latched using 
IS3 as a control signal, 2) OS3 can be generated by 
either an MPU read or write to the port 3 data reg- 
ister, and 3) an IRQ1 interrupt can be enabled by an 
IS3 negative edge. Port 3 latch timing is shown in 
figure 4. 


PORT 3 CONTROL AND STATUS REGIS- 
TER 


3 


7 6 5 4 2 1 0 
IS3 IS3 x Oss Latch x x x 
Flag | IRQ1 Enable 
Bits 0-2 Not Used. 


Bit 3 Latch Enable - This bit controls the input 
latch for port 3. If set, input data is latched 
by an IS3 negative edge. The latch is 
transparent after a read of the port 3 data 
register. Latch enable is cleared during 
reset. 


Bit 4 OSS (Output Strobe Select) - This bit 
determines whether OS3 will be gener- 
ated by a read or write of the port 3 data 
register. When clear, the strobe is gener- 
ated by a read ; when set, it is generated 
by a write. OSS is cleared during reset. 


Bit 5 Not used. 


Bit 6 IS3 IRQ1 Enable - When set, an IRQ71 in- 
terrupt will be enabled whenever the IS3 
flag is set ; when clear, the interrupt is in- 
hibited. This bit is cleared during reset. 


Bit 7 IS3 Flag - This read-only status bit is set 
by an IS3 negative edge. It is cleared by 
a read of the port 3 data register or during 
reset. 


PORT 3 IN EXPANDED NON-MULTIPLEXED 
MODE - Port 3 is configured as a bidirectional data 
bus (D7-DO) in the expanded non-multiplexed 
mode. The direction of data transfers is controlled 
by read/write (SC2). Data is clocked by E (enable). 


PORT 3 IN EXPANDED MULTIPLEXED MODE - 
Port 3 is configured as a time multiplexed address 
(A7-A0) and data bus (D7-DO) in the expanded 
multiplexed mode where address strobe (AS) can 
be used to demultiplex the two buses. Port 3 is held 
in a high-impedance state between valid address 
and data to prevent bus conflicts. 
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P40-P47 (PORT 4) 


Port 4 is configured as an 8-bit I/O port, as address 
outputs, or as data inputs depending on the opera- 
ting mode. Port 4 can drive one Schottky TTL load 
and 90pF, and is the only port with external pullup 
resistors. Unused lines can remain unconnected. 


PORT 4 IN SINGLE-CHIP MODE - In single-chip 
mode, port 4 functions as an 8-bit I/O port with each 
line configured by the port 4 data direction register. 
Internal pullup resistors allow the port to directly in- 
terface with CMOS at 5-volts levels. External pullup 
resistors to more than 5 volts, however, cannot be 
used. 


PORT 4 IN EXPANDED NON-MULTIPLEXED 
MODE - Port 4 is configured from reset as an 8-bit 
input port where the port 4 data direction register 
can be written to provide any or all of eight address 
lines AO to A7. Internal pullup resistors pull the lines 
high until the port 4 data direction register is con- 
figured. 


PORT 4 IN EXPANDED MULTIPLEXED MODE - 
In all expanded multiplexed modes except modes 1 
and 6, port 4 functions as half of the address bus 
and provides A8 to A15. In modes 1 and 6, the port 
is configured from reset as an 8-bit parallel input port 
where the port 4 data direction register can be writ- 
ten to provide any or all of upper address lines A8 
to A15. Internal pullup resistors pull the lines high 
until the port 4 data direction register is configured 
where bit 0 controls A8. 


RESIDENT MEMORY 


The EF6801U4 provides 4096 bytes of on-chip 
ROM and 192 bytes of on-chip RAM. 


Thirty-two bytes of the RAM are powered through 
the Vcc standby pin and are maintainable during 
Vcc power down. This standby portion of the RAM 
consists of 32 bytes located from $40 through $5F 
in all modes except mode 3 which is $D040 through 
$DO5F. 


Power must be supplied to Vcc standby if the inter- 
nal RAM is to be used regardless of whether stand- 
by power operation is anticipated. 


The RAM is controlled by the RAM control register. 
RAM CONTROL REGISTER ($14) 


The RAM control register includes two bits which 
can be used to control RAM accesses and deter- 
mine the adequacy of the standby power source 
during power-down operation. It is intended that 
RAME be cleared and STBY PWR be set as part of 
a power-down procedure. 
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RAM CONTROL REGISTER 


Bits 0-5 Not Used. 


Bit 6 RAM Enable - This read/write bit can be 
used to remove the entire RAM from the 
internal memory map. RAME is set (en- 
abled) during reset provided standby 
power is available on the positive edge of 
RESET. If RAME is clear, any access to 
a RAM address is external. If RAME is set, 
the RAM is included in the internal map. 


Bit 7 Standby Power - This bit is a read/write 
status bit which when cleared indicates 
that Vcc standby has decreased suffi- 
ciently below Vsgs (minimum) to make 
data in the standby RAM suspect. It can 
be set only by software and is not affected 
during reset. 


PROGRAMMABLE TIMER 


The programmable timer can be used to perform 
measurements on two separate input waveforms 
while independently generating three output wave- 
forms. Pulse widths can vary from several microsec- 
onds to many seconds. A block diagram of the timer 
is shown in figure 21. 


COUNTER ($09:0A), ($15, $16) 


The key timer element is a 16-bit free-running 
counter which is incremented by E (enable). It is 
cleared during reset and is read-only with one ex- 
ception : in mode 0 a write to the counter ($09) will 
configure it to $FFF8. This feature, intended for test- 
ing, can disturb serial operations because the 
counter provides the SCI internal bit rate clock. The 
TOF is set whenever the counter contains all ones. 
If ETO! is set, an interrupt will occur when the TOF 
is set. The counter may also be read as $15 and $16 
to avoid inadvertently clearing the TOF. 


OUTPUT COMPARE REGISTERS 
($1A:1B), ($1C:1D) 


The three output compare registers are 16-bit 
read/write registers, each used to control an output 
waveform or provide an arbitrary time-out flag. They 
are compared with the free-running counter during 
the negative half of each E cycle. When a match oc- 
curs, the corresponding output compare flag (OCF) 
is set and the corresponding output level (OLVL) is 


($0B:0C), 
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clocked to an output level register. If both the corre- 
sponding output enable bit and data direction regis- 
ter bit are set, the value represented in the output 
level register will appear on the corresponding port 
pin. The appropriate OLVL bit can then be changed 
for the next compare. 


The function is inhibited for one cycle after a write 
to its high byte (S0B, $1A, or $1A, or $1C) to ensure 
avalid compare after a double byte write. Writes can 
be made to either byte of the output compare regis- 
ter without affecting the other byte. The OLVL value 
will be clocked out independently of whether the 
OCF has previously been cleared. The output com- 
pare registers are set to $FFFF during reset. 


INPUT CAPTURE REGISTERS ($0D:0E), ($1E:1F) 


The two input capture registers are 16-bit read-only 
registers used to store the free-running counter 
when a "proper" input transition occurs as defined 
by the corresponding input edge bit (IEDG1 or 
IEDG2). The input pin’s data direction register 
should be configured as an input, but the edge de- 
tect circuit always senses P10 and P20 even when 
configured as an output. The counter value will be 


latched into the input capture registers on the sec- 
ond negative edge of the E clock following the tran- 
sition. 

An input capture can occur independently of ICF ; 
the register always contains the most current value. 
Counter transfer is inhibited, however, between ac- 
cessed of a double byte MPU read. The input pulse 
width must be at least two E cycles to ensure an 
input capture under all conditions. 


TIMER CONTROL AND STATUS REGISTERS 


Four registers are used to _ provide the 
EF6801U4/EF6803U4 with control and status infor- 
mation about the three output compare functions, 
the timer overflow function, and the two input edge 
functions of the timer. They are : 


Timer Control and Status Register (TCSR) 
Timer Control Register 1 (TCR1) 

Timer Control Register 2 (TCR2) 

Timer Status Register (TSR) 
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TIMER CONTROL AND STATUS REGISTER 
(TCSR) ($08) - The timer control and status regis- 
ter is an 8-bit register of which all bits are readable, 
while only bits 0-4 can be written. All the bits in this 
register are also accessible through the two timer 
control registers and the timer status register. The 
three most significant bits provide the timer status 
and indicate if : 


1. aproper level transition has been detected at 
P20, 

2. amatch has occurred between the free-run- 
ning counter and output compare register 1, or 

3. the free-running counter has overflowed. 

Each of the three events can generate an IRQ2 in- 


terrupt and is controlled by an individual enable bit 
in the TCSR. 


TIMER CONTROL AND STATUS 
REGISTER 


ated when input capture flag 1 is set ; 
when clear, the interruptis inhibited. EICI1 
is cleared during reset. Refer to TIMER 
CONTROL REGISTER 2 (TCR2) ($18). 


Timer Overflow Flag - The TOF is set 
when the counter contains all ones 
(SFFFF). It is cleared by reading the 
TCSR or the TSR (with TOF set) and the 
counter high byte ($09), or during reset. 
Refer to TIMER STATUS REGISTER 
(TSR) ($19). 


Output Compare Flag 1 - OCF1 is set 
when output compare register 1 matches 
the free-running counter. OCF 1 is cleared 
by reading the TCSR or the TSR (with 
OCF1 set) and then writing to output com- 
pare register 1 ($0B or $0C), or during 
reset. Refer to TIMER STATUS REGIS- 
TER (TSR) ($19). 


Input Capture Flag - ICF1 is set to indi- 
cate that a proper level transition has oc- 
curred ; itis cleared by reading the TCSR 
or the TSR (with ICF1 set) and the input 


Bit 5 


Bit 6 


Bit 7 


Bit 0 Output Level 1 - OLVL1 is clocked to out- é 
put level register 1 by a successful output pet ‘ ana a ee 
compare and will appear at P21 if bit 1 of ISTER (TSR) ($19) 
the port 2 data direction register is set and " 
the OE1 control bit in timer control regis- 4 TIMER CONTROL REGISTER 1 (TCR1) ($17) - 
ter 1 is set. OLVL1 and output level regis- Timer control register 1 is an 8-bit read/write regis- 
ter 1 are cleared during reset. Refer to ter which contains the control bits for interfacing the 
TIMER CONTROL REGISTER 1 (TCR1) output compare and input capture registers to the 
($17). corresponding I/O pins. 
Bit 1 Input Edge 1 - IEDG1 is cleared during TIMER CONTROL REGISTER 1 
reset and controls which level transition 
on P20 will trigger a counter transfer to a De ee 
input capture register 1 : OE3 | OE2 | OE1 |IEDG2}IEDG1|OLVL3/OLVL2/OLVL1| $17 
IEDG1 = 0 transfer on a negative-edge ee eee eee 
IEDG1 = 1 transfer on a positive-edge Bit 0 Output Level 1 - OLVL1 is clocked to out- 
Refer to TIMER CONTROL REGISTER 1 put level register 1 by a successful output 
(TCR1) ($17). , compare and will appear at P21 if bit 1 of 
; the port 2 data direction register is set and 
Bit 2 ee sees ee HEH ee the OE1 control bit is set. OLVL1 and out- 
ated when the timer sveriot flag 2 set ; ia oe , Ache) eon sete eon 
when clear, the interrupts inhibited. ETO! heen SeCeTER Cas oa ae 
is cleared during reset. Refer to TIMER 
CONTROL REGISTER 2 (TCR2) ($18). Bit 1 Output Level 2 - OLVL2 is clocked to out- 
ut level register 2 by a successful output 
Bit 3 Enable Output Compare Interrupt 1 - P , He 
When set an IROD ae will be pene scoala ane we appee a po 
a nee output compare flag 1 is set : port 1 data direction register is set and the 
when clear, the interrupt is inhibited. Ore Sieh Rl dead ean ang Output 
EOCII is eae d during reset. Refer to level register 2 are cleared during reset. 
TIMER CONTROL REGISTER 2 (TCR2) Bit 2 Output Level 3 - OLVL3 is clocked to out- 
($18). put level register 3 by a successful output 
: ; compare and will appear at P12 if bit 2 of 
Bile CE ler rec ioe RE port 1 data direction register is set and the 
30/56 
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OE3 control bit is set. OLVL3 and output 
level register 3 are cleared during reset. 


Bit 3 Input Edge 1 - IEDG1 is cleared during 
reset and controls which level transition 
on P20 will trigger a counter transfer to 
input capture register 1. 

IEDG1 = 0 transfer on a negative-edge 
IEDG1 = 1 transfer on a positive-edge 
Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08). 


Bit 4 Input Edge 2 - IEDG2 is cleared during 
reset and controls which level transition 
on P20 will trigger a counter transfer to 
input capture register 2. 

IEDG2 = 0 transfer on a negative-edge 
IEDG2 = 1 transfer on a positive-edge 


Bit 5 Output Enable 1 - OE1 is set during reset 
and enables the contents of output level 
register 1 to be connected to P21 when 
bit 1 of port 2 data direction register is set. 
OE1 = 0 port 2 bit 1 data register output 
OE1 = 1 output level register 1 


Bit 6 Output Enable 2 - OE2 is cleared during 
reset and enables the contents of output 
level register 2 to be connected to P11 
when bit 1 of port 1 data direction register 
is set. 

OE2 = 0 port 1 bit 1 data register output 
OE2 = 1 output level register 2 


Bit 7 Output Enable 3 - OE3 is cleared during 
reset and enables the contents of output 
level register 3 to be connected to P12 
when bit 2 of port 1 data direction register 
is set 
OES = 0 port 1 bit 2 data register output 
OE3 = 1 output level register 3 


TIMER CONTROL REGISTER 2 (TCR2) ($18) - 
Timer control register 2 is an 8-bit read/write regis- 
ter (except bits 0 and 1) which enable the interrupts 
associated with the free-running counter, the output 
compare registers, and the input capture registers. 
In test mode 0, two more bits (clock and test) are 
available for checking the timer. 


TIMER CONTROL REGISTER 2 
(non-test modes) 


7 6 5 4 3 2 1 0 


9 


Bits 0-1 Read-only Bits - When read, these bits 
return a value of 1. Refer to TIMER CON- 
TROL REGISTER 2 (test mode). 


Bit 2 Enable Timer Overflow Interrupt - 
When set, an IRQ2 interrupt will be gener- 
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ated when the timer overflow flag is set ; 
when clear, the interrupt is inhibited. ETO! 
is cleared during reset. Refer to TIMER 
CONTROL AND STATUS REGISTER 
(TCSR) ($08). 


Bit 3 Enable Output Compare Interrupt 1 - 
When set, an IRQ2 interrupt will be gener- 
ated when the output compare flag 1 is 
set ; when clear, the interrupt is inhibited. 
EOCI1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REG- 
ISTER (TCSR) ($08). 


Bit 4 Enable Output Compare Interrupt 2 - 
When set, an IRQ2 interrupt will be gener- 
ated when the output compare flag 2 is 
set ; when clear, the interrupt is inhibited. 
EOCI2 is cleared during reset. 


Bit 5 Enable Output Compare Interrupt 3 - 
When set, an IRQ2 interrupt will be gener- 
ated when the output compare flag 3 is 
set ; when clear, the interrupt is inhibited. 
EOCI3 is cleared during reset. 


Bit 6 Enable Input Capture Interrupt 1 - 
When set, an IRQ2 interrupt will be gener- 
ated when the input capture flag 1 is set ; 
when clear, the interrupt is inhibited. EICI1 
is cleared during reset. Refer to TIMER 
CONTROL AND STATUS REGISTER 
(TCSR) ($08). 


Bit 7 Enable Input Capture Interrupt 2 - 
When set, an IRQ2 interrupt will be gener- 
ated when the input capture flag 2 is set ; 
when clear, the interrupt is inhibited. EICI2 
is cleared during reset. 


The timer test bits (test and clock) allow the free-run- 
ning counter to be tested as two separate 8-bit 
counters to speed testing. 


TIMER CONTROL REGISTER 2 
(test mode) 


6 5 4 3 2 1 0 
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Bit 0 CLOCK - The CLOCK control bit selects 
which half of the 16-bit free-running 
counter (MSB or LSB) should be clocked 
with E. The CLOCK bit is a read/write bit 
only in mode 0 and is set during reset. 
CLOCK = 0 - Only the eight most signifi- 
cant bits of the three-running counter run 
with TEST = 0. 

CLOCK = 1 - Only the eight least signifi- 
cant bits of the free-running counter run 
when TEST = 0. 
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Bit 1 TEST - the TEST control bit enables the 
timer test mode. TEST is a read/write bit 
in mode 0 and is set during reset. 

TEST = 0 - Timer test mode enabled : 

a) The timer LSB latch is transparent 
which allows the LSB to be read inde- 
pendently of the MSB. 

b) Either the MSB or the LSB of the timer 
is clocked by E, as defined by the CLOCK 
bit. 

TEST = 1 — Timer test mode disabled. 

Bits 2-7 See TIMER CONTROL REGISTER 2 
(non-test modes). (these bits function the 
same as in the non-test modes). 


TIMER STATUS REGISTER (TSR) ($19) - The 
timer status register is an 8-bit read-only register 
which contains the flags associated with the free- 
running counter, the output compare registers, and 
the input capture registers. 


TIMER STATUS REGISTER 
6 5 4 3 2 1 0 


7 


Bits 0-1 Not used. 


Bit 2 Timer Overflow Flag - The TOF is set 
when the counter contains all ones 
($FFFF). It is cleared by reading the TSR 
or the TCSR (with TOF set) and then the 
counter high byte ($09), or during reset. 
Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08). 


Bit 3 Output Compare Flag 1 - OCF1 is set 
when output compare register 1 matches 
the free-running counter. OCF 1 is cleared 
by reading the TSR or the TCSR (with 
OCF? set) and then writing to output com- 
pare register 1 ($0B or $0C), or during 
reset. Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08). 


Bit 4 Output Compare Flag 2 - OCF2 is set 
when output compare register 2 matches 
the free-running counter. OCF2 is cleared 
by reading the TSR (with OCF2 set) and 
then writing to output compare register 2 
(S1A or $1B), or during reset, 

Bit 5 Output Compare Flag 3 - OCF3 is set 
when output compare register 3 matches 
the free-running counter. OCF3 is cleared 
by reading the TSR (with OCF3 set) and 
then writing to output compare register 3 
($1C or $1D), or during reset. 
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Bit 6 Input Capture Flag 1 - ICF1 is set to in- 
dicate that a proper level transition has oc- 
curred ; it is cleared by reading the TSR 
or the TCSR (with ICF1 set) and the input 
capture register 1 high byte ($0D), or dur- 
ing reset. Refer to TIMER CONTROL 
AND STATUS REGISTER (TCSR) ($08). 


Bit 7 Input Capture Flag 2 - ICF2 is set to in- 
dicate that a proper level transition has oc- 
curred ; it is cleared by reading the TSR 
(with ICF2 set) and the input capture reg- 
ister 2 high byte ($1E), or during reset. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous serial communications 
interface (SCI) is provided with two data formats and 
a variety of rates. The SCI transmitter and receiver 
are functionally independent but use the same data 
format and bit rate. Serial data formats include 
standard mark/space (NRZ) and biphase and both 
provide one start bit, eight data bits, and one stop 
bit. "Baud" and "bit rate" are used synonymously in 
the following description. 


WAKE-UP FEATURE 


In a typical serial loop multiprocessor configuration, 
the software protocol will usually identify the ad- 
dresse(s) at the beginning of the message. In order 
to permit uninterested MPUs to ignore the remain- 
der of the message, wake-up feature is included 
whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an idle string 
of ten consecutive ones or during reset. Software 
must provide for the required idle string between 
consecutive messages and prevent it within mess- 
ages. 


PROGRAMMABLE OPTIONS 


The following features of the SCI are programma- 

ble : 

a Format: standard mark/space (NRZ) or bi-phase 

a Clock : external or internal bit rate clock 

» Baud : one of eight per E clock frequency or ex- 
ternal clock (x 8 desired baud) 

u Wake-up Feature : enabled or disabled 

« Interrupt Requests : enabled individually for 
transmitter and receiver 

a Clock Output : Internal bit rate clock enabled or 
disabled to P22 
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SERIAL COMMUNICATIONS REGISTERS 


The serial communications interface includes four 
addressable registers as depicted in figure 22. It is 
controlled bythe rate and mode control register and 
the transmit/receive control and status register. 


Figure 22 : SCI Registers. 


EF6801U4/EF6803U4 


Data is transmitted and received utilizing a write- 
only transmit register and a read-only receive regis- 
ter. The shift registers are not-accessible to 
software. 


Bit 7 Rate and Mode Control Register Bit O 


Transmit/ Receive Control and Status Register 


Receive Data Register 


pot tt tt ty fx 


Transmit Sh 


(Not Addressable) 


Receive Shift Register 


Bit Rate 
Generator 


(Not Addressable) 


ift Register 


pt ty | tt ft dss 


RATE AND MODE CONTROL REGISTER (RMCR) 
($10) 

The rate and mode control register controls the SCI 
bit rate, format, clock source, and under certain con- 
ditions, the configuration of P22. The register con- 
sists of five write-only bits in conjunction with bit 7 
control the bit rate of the internal clock and the re- 
maining two bits control the format and clock source. 


RATE AND MODE CONTROL REGISTER 
7 6 5 4 3 2 1 0 


S53] $10 


Transmit Data Register 


Bit1: |$S1:SS0 Speed Select - These two bits 

Bit 0 select the baud when using the internal 
clock. Eight rates may be selected (in con- 
junction with bit 7) which are a function of 
the MCU input frequency. Table 6 lists bit 
time and rates for three selected MCU fre- 
quencies. 


Bit 3: CC1 : CCO Clock Control and Format 
Bit 2 Select - These two bits control the format 
and select the serial clock source. If CC1 
is set, the DDR value for P22 is forced to 
the complement of CCO and cannot be al- 
tered until CCi is cleared. If CC1 is 
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cleared after having been set, its DDR 
value is unchanged. Table 7 defines the 
formats, clock source, and use of P22. 


Bits 4-6 Not used. 


Bit 7 EBE Enhanced Baud Enable - EBE se- 
lects the standard EF6801 baud rates 
when clear and the additional baud rates 
when set (table 6). This bit is cleared by 
reset and is a write-only control bit. 

EBE = 0 standard EF6801 baud rates - 
EBE = 1 additional baud rates 


Table 6 : SCI Bit Times and Rates. 


2400.0 


Not used 
Internal Not used 
Internal Output 
External Input 


Bi-phase Internal 


TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) ($11) - The transmit/receive 
control and status register controls the transmitter, 
receiver, wake-up feature, and two individual inter- 
rupts, and monitors the status of serial operations. 
All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 


TRANSMIT/RECEIVE CONTROL AND 
STATUS REGISTER 


6 ) 4 3 2 1 0 


7 


Cai > | 2asvemie [aoe 
sew) gees a 
roo [16 | 384000 [26s | 625000 | 16.055 
Po [a [= tes [48000 | s08.q8 [70126 | 1280.8 
ri fo [= 1028 [6000 | 167ms [9766 | 1.024ms 

ro | =64 | 26000 | toazus | 156056 | 6tus 
| 


416.6 us 


External (P22)* 76800.0 | 13.0ns | 125000.0 


* Using maximum clock rate 


Table 7 : SC] Format and Clock Source Control. 


: Clock Port 2 
00 
01 


If both CC1 and CCO are set, an external TTL-com- 
patible clock must be connected to P22 at eight 
times (8 x) the desired bit rate, but not greater than 
E, with a duty cycle of 50% (+ 10%). If CC1 : CCO 
= 10, the internal bit rate clock is provided at P22 re- 
gardless of the values for TE or RE. 


NOTE 

The source of SCI internal bit rate clock is the timer 
free-running counter. An MPU write to the counter 
in mode 0 can disturb serial operations. 


1.2288MHz 


Saud 
76800.0 
9600.0 
1200.0 
19200.0 
4800.0 
2400.0 
600.0 
153600.0 


Bit 0 "Wake-Up" on Idle Line - When set, WU 
enables the wake-up function ; itis cleared 
by ten consecutive ones or during reset. 
WU will not be set if the line is idle. Refer 
to WAKE-UP FEATURE. 


Bit 1 Transmit Enable - When set, P24 DDR 
bit is set, cannot be changed, and will re- 
main set if TE is subsequently cleared. 
When TE is changed from clear to set, the 
transmitter is connected to P24 and a pre- 
amble of nine consecutive ones is trans- 
mitted. TE is cleared during reset. 


Bit 2 Transmit Interrupt Enable - When set, 
an IRQ2 is set ; when clear, the interrupt 
is inhibited. TE is cleared during reset. 


64us 


Bit 3 Receive Enable - When set, the P23 
DDR bit is cleared, cannot be changed, 
and will remain clear if RE is subsequently 
cleared. While RE is set, the SCI receiver 
is enabled. RE is cleared during reset. 
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Bit 4 Receiver Interrupt Enable - When set, 
an IRQ2 interrupt is enabled when RDRF 


and/or ORFE is set ; when clear, the inter- - 


rutis inhibited. RIE is cleared during reset. 


Bit 5 Transmit Data Register Empty - TDRE 
is set when the transmit data register is 
transferred to the output serial shift regis- 
ter or during reset. It is cleared by reading 
the RCSR (with TDRE set) and then writ- 
ing to the transmit data register. Additional 
data will be transmitted only if TDRE has 
been cleared. 


Bit 6 Overrun Framing Error - If set, ORFE in- 
dicates either an overrun or framing error. 
An overrun is a new byte ready to trans- 
fer to the receiver data register with RDRF 
still set. A receiver framing error has oc- 
curred when the byte boundaries of the bit 
stream are not synchronized to the bit 
counter. An overrun can be distinguished 
from a framing error by the state of RDR- 
F : if RDRF is set, then an overrun has oc- 
curred ; otherwise, a framing error has 
been detected. Data is not transferred to 
the receive data register in an overrun 
condition. Unframed data causing a fram- 
ing error is transferred to the receive data 
register. However, subsequent data 
transfer is blocked until the framing error 
flag is cleared. ORFE is cleared by read- 


Figure 23 : SCI Data Formats. 


Output 
Clock 


NRZ 


Format 


Bi-Phase 
Format 


B 
Idle Start 
Data 01001101 ($4D) 
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ing the TRCSR (with ORFE set) then the 
receive data register, or during reset. 


Bit 7 Receive Data Register Full - RDRFis set 
when the input serial shift register to the 
receive data registers, or during reset. 


SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to 
the rate and mode control register and then to the 
transmit/receive control and status register. When 
TE is set, the output of the transmit serial shift reg- 
ister is connected to P24 and serial output is initiated 
by transmitting a 9-bit preamble of ones. 


At this point, one of two situations exists : 1) if the 
transmit data register is empty (TDRE =1), a con- 
tinuous string of ones will be sent indicating an idle 
line ; or 2) if a byte has been written to the transmit 
data register (TDRE = 0), it will be transferred to the 
output serial shift register (synchronized with the bit 
rate clock), TDRE will be set, and transmission will 
begin. 


The start bit (0), eight data bits (beginning with bit 
0), and a stop bit (1) will be transmitted. If TDRE is 
still set when the next byte transfer occurs, ones will 
be sent until more data is provided. In bi-phase for- 
mat, the output toggles at the start of each bit and 
at half-bit time when a one is sent. Receive oper- 
ation is controlled by RE which configures P23 as 
an input and enables the receiver. SCI data formats 
are illustrated in figure 23. 
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INSTRUCTION SET 


The EF6801U4/EF6803U4 is directly source com- 
patible with the EF6801 and upward source and ob- 
ject code compatible with the EF6800. Execution 
times of key instructions have been reduced and 
several instructions have been added, including a 
hardware multiply. A list of new operations added to 
the EF6800 instruction set is shown in table 1. 


In addition, two special opcodes, 4E and 5E, are 
provided for test purposes. These opcodes force the 
program counter to increment like a 13-bit counter 


causing address lines used in the expanded modes 
to increment until the device is reset. These opcodes 
have no mnemonics. 


The coding of the first (or only) byte corresponding 
to an executable instructions is sufficient to identify 
the instruction and the addressing mode. The hex- 
adecimal equivalents of the binary codes, which re- 
sult from the translation of the 82 instructions in all 
valid modes of addressing, are shown in table 8. 
There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 
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Table 8 : CPU Instruction Map. 


OP MNEM MODE ~ #/OP MNEM MODE ~ # 


DES INHER 3 
= Txs 4 3 
36 PSHA 3 
37 PSHB 3 
38 PULX 5 

5 

3 


OP MNEM MODE ~ #/OP MNEM MODE ~ # 


ASL INDXD 6 9C CPX DIR 5 
a ROL 6 : 9D JSR a 
6A DEC 6 2;9E LDS 

- 9F STS OIR 

AO SUBA INDXD 
Ai CMPA 
A2 SBCA 
A3 SUBD 
A4 ANDA 
AS BITA 
A6 LDAA 
A7 STAA 
A8& EORA 
A9 ADCA 
AA ORAA 
AB ADDA 
AC CPX 
AD JSR 
AE LDS 
AF STS_ INDXD 
BO SUBA EXTND 
Bi CMPA 
B2 SBCA 
B3 SUBD 
B4 ANDA 
B5 BITA 
B6 LDAA 
B7 STAA 
B8 EORA 
B9 ADCA 
BA ORAA 
BB ADDA 
BC CPX 
BD JSR 
BE LDS 
BF STS EXTND 
CO SUBB IMMED 
C1 CMPB 
C2 SBCB 
C3 ADDD 
C4 ANDB 
C5 BITB 
C6 LDAB 
C8 EORB 
Cg ADCB 
CA ORAB 
CB ADDB 


OP MNEM MODE ~ 


SUBB DIR 3 

| CMPB 3 
D2 SBCB 3 
D3 ADDD 5 
D4 ANDB 3 
D5 BITB 3 
D6 LDAB 3 
D7 STAB 3 
D8 EORB 3 
D9 ADCB 3 
DA ORAB 3 
DB ADDB 3 
DC LDD 4 
DD STD 4 
DE LDX 4 
DF STX DIR 4 
EO SUBB INDXD 4 
Ei CMPB 4 
E2 SBCB 4 
E3 ADDD 6 
E4 ANDB 4 
E5 BITB 4 
E6 LDAB 4 
E7 STAB 4 
E8 EORB 4 
4 

4 

4 

5 

5 

5 

5 

4 

4 

4 

6 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 


—_ 


NOP INHER 2 1 


oO 


6C INC 6 
6D TST 6 
6E JMP 3 
6 
6 


39 RTS 

3A ABX 

3B SORT! 10 
3C PSHX 4 
3D MUL 10 
3E WAI 9 
3F SWI 12 
40 NEGA 2 


6F CLR INDXD 
70 NEG EXTND 
71 ti 

72 z 

73 COM 

74 LSR 


QD mMNM ND P 


oO 
ao 


ee ee ee ee ee ee ee ee ee ee ee 


o) 
[ee] 


ROR 
77 ASR 
78 ASL 
79 ROL 
7A DEC 
INC 

7D TST 

7E JMP 

7F CLR EXTND 
80 SUBA IMMED 
81 CMPA 

82 SBCA 

83 SUBD 

84 ANDA 

85 BITA 

86 LDAA 

88 EORA 

89 ADCA 

8A ORAA 

8B ADDA 

8C CPX IMMED 
8D BSR REL 

8E LDS IMMED 


* 


PMONMNMNMNNNN WHWONDN W OW 
i ek ek a ee oe a a as “a 


OW WW & 


E9 ADCB 
EA ORAB 
EB ADDB 
EC LDD 
ED STD 
EE LDX 
EF STX INDXD 
FO SUBB EXTND 
Fi CMPB 
F2 SBCB 
F3 ADDD 
F4 ANDB 
F5 BITB 
F6 LDAB 
F7 STAB 
F8 EORB 
F9 ADCB 
FA ORAB 
FB ADDB 
FC LDD 
FD STD 
FE LDX 
FF STX EXTND 


MNONNDANNND WOOD MD 
NNNWNHNMNWWW ®W 


Oo fF MM NW NP 
On OM NM NP PP 


SUBA DIR 
91 CMPA 
92 SBCA 
93 SUBD 
94 ANDA 
95 BITA 
96 LDAA 
97 STAA 
98 EORA 
99 ADCA 
9A ORAA 
ADDA 


MONMONDANNNAAAHMO HOA APA AAHAAADAAALAAVHWAAAAAL_AA AA DA AHA A 
MONNMWNNNWAWAWAAWWWWWWWHOWWHWOWWNNND DY NM MH MYMHMN ND YH MH MHNM Ww ND DP P 


# 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


Wm Ph ND P 
Wm MN PY 


* UNDEFINED OP CODE 


BRWWWWWWWWWWWWWWWWW WwW 


6 CE LDX IMMED 


INDXD 6 2 


wo 
w 


—~=-—" - = PONMNNNNMNNNNNNNNNN ND 
PONMONMNNNADNNN NNN DY 


WOWWWWHWWWO AWW Ww 


aN 


ASR 


Notes: 1. Addressing Modes 
INHER = Inherent INDXD = Indexed IMMED = Immediate 
REL = Relative EXTND = Extended DIR = Direct 
2 Unassigned opcodes are indicated by "*" and should not be executed. 
3. Codes marked by "T" force the PC to function as a 16-bit counter. 
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PROGRAMMING MODEL 


A programming model for the EF6801U4/ 
EF6803U4 is shown in figure 8. Accumulator A can 
be concatenated with accumulator B and jointly 
referred to as accumulator D where A is the most 
significant byte. Any operation which modifies the 
double accumulator will also modify accumulators A 
and/or B. Other registers are defined as follows : 


PROGRAM COUNTER - The program counter is a 
16-bit register which always points to the next in- 
struction. 


STACK POINTER - The stack pointer is a 16-bit reg- 
ister which contains the address of the next avail- 
able location in a pushdown/pullup (LIFO) queue. 
The stack resides in random-access memory at a 
location defined by the programmer. 


INDEX REGISTER - The index register is a 16-bit 
register which can be used to store data or provide 
an address for the indexed mode of addressing. 


ACCUMULATORS - The MPU contains two 8-bit 
accumulators, A and B, which are used to store 
operands and results from the arithmetic logic unit 
(ALU). They can also be concatenated and referred 
to as the D (double) accumulator. 


CONDITION CODE REGISTER - The condition 
code register indicates the results on an instruction 
and includes the following five condition bits : nega- 
tive (N), zero (Z), overflow (V), carry/borrow from 
MSB (C), and half carry from bit 3 (H). These bits 
are testable by the conditional branch instructions. 
Bit 4 is the interrupt mask (I bit) and inhibits all mask- 
able interrupts when set. The two unused bits, B6 
and B7, are read as ones. 


ADDRESSING MODES 


Six addressing modes can be used to reference 
memory. ASummary of addressing modes for all in- 
structions is presented in tables 9, 10, 11, and 12 
where execution times are provided in E cycles. In- 
struction execution times are summarized in ta- 
ble 13. With an input frequency of 4MHz, one Ecycle 
is equivalent to one microsecond. A cycle-by-cycle 
description of bus activity for each instruction is pro- 
vided in table 14 and descriptions of selected in- 
structions are shown in figure 24. 


IMMEDIATE ADDRESSING - The operand or "im- 
mediate byte(s)” is contained in the following byte(s) 
of the instruction where the number of bytes mat- 


ches the size of the register. These are two or three 
byte instructions. 


DIRECT ADDRESSING - The least significant byte 
of the operand address in contained in the second 
byte of the instruction and the most significant byte 
is assumed to be $00. Direct addressing allows the 
user to access $00 through $FF using two byte in- 
structions and execution time is reduced by elimi- 
nating the additional memory access. In most 
applications, the 256-byte area is reserved for fre- 
quently referenced data. 


EXTENDED ADDRESSING - The second and third 
bytes of the instruction contain the absolute address 
of the operand. These are three byte instructions. 


INDEXED ADDRESSING - The unsigned offset 
contained in the second byte of the instruction is 
added with carry to the index register and is used to 
reference memory without changing the index reg- 
ister. These are two byte instructions. 


INHERENT ADDRESSING - The operand(s) is a 
register and no memory reference is required. 
These are single byte instructions. 


RELATIVE ADDRESSING - Relative addressing is 
used only for branch instructions. If the branch con- 
dition is true, the program counter is overwritten with 
the sum of a signed single byte displacement in the 
second byte of the instruction and the current pro- 
gram counter. This provides a branch range of — 126 
to + 129 bytes from the first byte of the instruction. 
These are two byte instructions. 


SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the infor- 
mation presednt on the address bus, data bus, and 
the read/write (R/W) line during each cycle of each 
instruction. 


The information is useful in comparing actual with 
expected results during debug of both software and 
hardware as the program is executed. The informa- 
tion is categorized in groups according to address- 
ing mode and number of cycles per instruction. In 
general, instructions with the same addressing 
mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 


Note that during MPU reads of internal locations, the 
resultant value will not appear on the external data 
bus except in mode 0. "High order" byte refers to the 
most significant byte of a 16-bit value. 


38/56 
Ns or { SGS-THOMSON 
4 cRozLectRomes 


100 


EF6801U4/EF6803U4 


Table 9 : Index Register and Stack Sr mee Oo 


a beth Sanna rp satin REE iano 
Pointer Boolean/ Is |a|3]2|1 lo. 
Operations Arithmetic Operation 

natesoce07e0700 melee 


[conse ns Reger [ove [ool ela leolslebelelebelelal | | pewana bit teh 
cee tt a 
semen sic Ponin foes | | | 111111111 dels [tse-i-se 
conent nen Feoser | ax [TTT PLP T Ltt felatrterax  |-f-f dele 
[reer sie ont —Pws | | TT LLL dels rseei se ee ee 
Load nos Reser | vox loe| [abel ele lees latte la] | | [v= mwen=x [lle lela 
Lond sia roner | uos Joe| [2 foe|«[[ael se eels [=| | | br sramrensalelelefelale’ 
sive idx Regs [ste | | | lorlel2terlst2lertsts| | | pu=mx=ara [llele lal 
sive sic ont sts | | | ferle[elorlsleterls[s| | | [ser~msn—orolel-l: fila 
nde Reg ~ Sack Pane x8 || || 1111111 beletenisse eee 
ceramide EEE EL YE laters folate feted 


| ABX | | 3a] 3 | Ea Bakke S| 


foe Data et} 4]/11]X. 7 Msp,SP-1- an 
Xu ~ Msp,SP-1-— SP 
Pull Data PULX 38 SP+1-— SP,Msp > Xy 
SP +1-— SP,Msp > Xz, 


The condition code register notes are listed after Table 12. 
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Table 10 : Accumulator and pe pg Instructions png ey 1 of a 


Accumulator and Boolean Booa00 
Memory Operations Expression 
Coca el woe ae [i [wizfv |e) 


aoe 

pam ba PTE LT P| feletifaveoa ee REe 

raaastox ae PP PPP PPP LILI pals ooeexox (-(-[-[-[-[- 

nad win Cary [aden foal 2 2 foal a2 nal [alieslelel | | [armeo>a [epee EIe 

raoes fool [2 fools [2 ests [2 |frale[a{ | | le-wweo>e [e(-Pi[e[: 

naa Faoon [sole |e foals [2 asl [a fiale|s{ | | larva EE Ei 

Fone fosle |e fools [2 eels le lfrale[s{ | | lewwoa (e[-Peie[e[: 

pasbove | ooo fools [2 slo [2 frafe [of | foswem sre [ffl Tele 
Fawon feel [2 [sels |e [nal |e Joe 

woe els [aed a ele 

le [2 | 


And 
Shift Left, Arithmetic | ASL {| | | |_| 
ci e 
PASE cf sia de pelle bes 


[Shift Lett Double | aso |_| | | | | | | | 
Shift Right, Arithmetic Fase | { | {fd 
jasral | {| | | I 


foals [eleslele}istels[| | [erm Td dal 

TEP eens ee 
CO elelelelelel | [foo |-[-[als[ala 
PAL Theta efeoa hfe at 


feows! TPT LT mCi ey ee IESE 
jcome] | | | tt tt | LET tssfafsfese fete] s [rs 


The condition code register notes are listed after Table 12 
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Table 10 : Accumulator and Memory Instructions (sheet 2 of 3). 


it jam, estate 
Accumulator and Boolean s{afatatite 
M O ti Expression 
ee ee Op] ~ | # lop] ~ | # jon] ~ |# |lop| - | # jon] ~ | # Ht [N| zy 
[Decimal Adust, A | DAA | | | | | | | | | | FL Icio cil aneapeRe al lela 
Decrement poec | | | | | | Iealeleliale(s| | | [m-ism [ef (et ieit]-| 
porca| | | | | | tT | | | lealetsfa-tsa | [feds [ede | 
poeccB{ | | | Tt Tt Et | faletsfe-1-e fed fede le]. 
Frctene on peo eee pe ees mee psl4|3{ | | [AeMo>aA  |-[- [ele iR[-| 
| eons |ce|2|2 [dels |2|es|4{2lirel4[3| | | |eemos  [-|-[:{e[R] + 
Increment inc | | | | | | Ieclejalcle|s] | | [mersm |e] - [sie ie]. 
inca | | | TT TT TT LT befata fasion] [stele |e 
inca | | | | dT dT TT | | | fecfafafe+ise fe] [e lee]. 
Load Accumulators | LDAA |a6|2|2 96/32 \ae|4|2 jiscla|a] | | [moa | +[- |e [> [rR] - 


| LoaB |cel2{2 [pels [2 feel {2 |iref4{3| | | [moe ef |e |e [rie 
Load Double | Lop |ec{3 {3 [oc] 4 {2 lec] s | 2 | Foisfe} | f fwsmeroo bebe te tal 
Logical Shift, Left. | LSL | aa lea|6{2|izeje{s] | | | 


Shift Right, Logical 


Boca 
[Oe OCB 
Ea 
2s conponen [neo | | [| {| feoleleliole[a| [| [oo-mow  [-[-(eG [el 
res TE IL teeta oo EEE 
pecs ICT poole fs foo eT 

[wo Operation | nor TTT TT TY ole fro ro LTT 
ave OR plea | [[aewoa LEGIT 
rlefot | [fewwoe {EE lal 

resne! TT TTT TTT ITT bela tas cee TTL 
peeve IAT plot fo sea 
Ny 
pews DDC CTICET ble [ste ET 


The condition code register notes are listed after Table 12. 


Pusch Data 


Pull Data 
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Table 10 : Accumulator and pas ay Instructions (sheet 3 of 3). 


Accumulator and 
Memory Operations 
Rotate Left 
ROLB 


_ 

ROL_| 

ane 
il 
Rotate Right | ron | | | 
| RORA |_| 

| RoRB | 
eae Lat 
Subtract with Carry | SBCA [82] 2 | 2 |92| 3 | 2 [a2 


safe ed eal 


, rep 
Be 
2176] 6 
alles 
Le 
ee 
Bo] 4 | 
83] 6 | 
ze 
Ee 
70 | 6 | 
ee 
=e 


Store Accumulators 


Subtract 

[sues |co|2 [2 fool =| [eo|« [2 
[Subivact Double | SUBD ea] «| [oa] 5 |2 [asl 6 [2 
Transfer Accumulator | tap | | | [| [ tf. 


Test, Zero or Minus 


The condition code register notes are listed after Table 12. 
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Table 11 : Jump and Branch Instructions. 


Relative 


elele[2[]o 


Branch Test 


A 


C 


oO 
ae) 
A;O}= 


B 
B 


Olm 
m]9 


Branch if > Zero 
Branch if Higher 


Ww 
Ey 
4 


Z+(N@ V)=0 
oi ae 
Ee) eee = 
| | | | [z+ewe=t 
cee 


r 
o};— 


Branch if < Zero 
Branch if Carry Set 


iss) 
[— 
m 


a 
| 
oa 
i 
ine) 


R 

C 

Branch if Higher or Same | BH 

BL 

Branch if Lower or Same | BL 
Branch if < Zero 


Branch tf Minus 
Branch if not Equal Zero BN 
S) 


=z 
i] 


@ 
— 


g 


BV 
v 

Branch if Plus 
18 
RT 
WA 


ee) 
169) 


zi<[< 
ul 
o};-7]oO 


ee] 
Uv 
i oo 


u 


See Special 
Operations-figure 24 


z c. 
= 


See Special 
Operations-figure 24 


ep) 
Ae 


az A A 
{ ‘ 
Vv v 
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Table 12 : Condition Code Register Manipulation Instructions. 


Condition Code Register 
Boolean 
Operation 


Clear Interrupt Mask CLI 


Clear Overflow 


Set Overflow 


[AcoumulatorA— con | taP foot 2 [1] aacon [t}i{?:|i}i[? 
[con Accumulator | tea |or|2]1]| coaa [+|-|-|-[-[-/ 


LEGEND CONDITION CODE SYMBOLS 


Op Operation Code (hexadecimal) H  Half-carry from bit 3 

~ Number of MPU Cycles | Interrupt mask 

Msp Contents of memory location pointed to by Stack Pointer N Negative (sign bit) 

# Number of Program Bytes Z Zero (byte) 

+ Arithmetic Plus V_ Overflow 2’s complement 

- Arithmetic Minus C  Carry/borrow from MSB 
Boolean AND R Reset Always 

X Arithmetic Multiply S Set Always 

+ Boolean Inclusive OR t Affected 

: Boolean Exclusive OR : Not Affected 

M Complement of M 

— Transfer Into 

0s Bit = Zero 

00 Byte = Zero 
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Table 13 : Instruction Execution Times in E-cycles. 


Addressing Mode 
ndexed|innerent Relative 


 ] 
4 
4 
6 
4 
6 


Addressing Mode 
® 


@@eeeenrnws rn@ee@wrnr 


@@eesd @ @wW!]lH Om WD WW WW Ww 1H WwW WwW wo OB WwW w voocceeleeeeeee, 


3 
® 
@ 
@ 
 ] 
 ) 
td 
2 
3 
2 
3 
10 
2 
2 
@ 
3 
4 
4 
5 
2 
2 


—_ 
Oo 


rm ro wp OW Mw MN 


@anrneoeeoeeoesenrneogeeeeoeeese@ pw 
@ee32ee @ 


@anwuorh annwW/1Oe @OOwW OOO 8 eoeeese @w 
@onanarnunao1zn!]/ @ee@een@e@e@egeginnse@e@—nr 


4 
@ 
@ 
t 
e 
6 
6 
@ 
e 
e 
4 
® 
e 
e 
4 
5 
5 
5 
4 
6 
® 


— 
Rho 


@e@enrneeeenF+@e@lireeesee @ 
ow wn rm rw PY 1 


@eenwne@eeeeune@esior @eoeede 
Seman @e@eneonm!/sr Onedes @ 
@rmnr@e@en@eon]}/r O00 8 CO ®@ 
wow Oe @Ouwonwnnn @n/i@nmnrnnnp @ 
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Table 14 : Cycle-by-cycle Operation (sheet 1 of 6). 
IMMEDIATE 


mUGIESS eae ang Cycles wycle Address Bus BN Data Bus 
Instructions # Line 


2 1 Opcode Address 1 Opcode 

2 Opcode Address + 1 1 Operand Data 

3 Opcode Address Opcode 

Opcode Address + 1 Operand Data (high order byte) 
LDD 

CPX 4 

SUBD 
ADDD 


Opcode Address + 2 Operand Data (low order byte) 
Opcode Address Opcode 
Opcode Address +1 _ Operand Data (high order byte) 
Opcode Address + 2 Operand Data (low order byte) 

DIRECT 

macless more and Cycles vy cle Address Bus ni Data Bus 
Instructions # Line 
3 Opcode Address Opcode 
Opcode Address + 1 Address of Operand 
Address of Operand Operand Data 


RwWNMH_|@ONM — 


Address Bus FFFF Low Byte of Restart Vector 


Opcode Address 
Opcode Address + 1 
Destination Address 


Opcode Address 
Opcode Address + 1 
Address of Operand 
Operand Address + 1 


Opcode Address 
Opcode Address + 1 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Operand Address 

Operand Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 

Stack Pointer — 1 


Opcode 
Destination Address 
Data from Accumulator 


Opcode 
Address of Operand 

Operand Data (high order byte) 
Operand Data (low order byte) 


Opcode 
Address of Operand 

Register Data (high order byte) 
Register Data (low order byte) 


Opcode 
Address of Operand 

Operand Data (high order byte) 
Operand Data (low order byte) 
Low Byte of Restart Vector 


Opcode 
Irrelevant Data 

First Subroutine Opcode 

Return Address (low order byte) 
Return Address (high order byte 
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Table 14 : Cycle-by-cycle Operation (sheet 2 of 6). 
EXTENDED 


Address Mode and Cycle R/W 
JMP 3 1 Opcode Address 1 Opcode 
Opcode Address + 1 1 Jump Address (high order byte) 
Opcode Address + 2 1 Jump Address (low order byte) 


4 Opcode Address 
Opcode Address + 1 
Opcode Address + 2 


G) Po 


Address of Operand 
Address of Operand 
(low order byte) 


Address of Operand Operand Data 


Opcode Address 1 
Opcode Address + 1 1 


Destination Address 
(high order byte) 
Destination Address 
(low order byte) 
Data from Accumulator 


Opcode Address + 2 1 


Operand Destination Address 0 


Opcode Address 
Opcode Address + 1 


Opcode 
Address of Operand 

(high order byte) 

Address of Operand 

(low order byte) 

Operand Data (high order byte) 
Operand Data (low order byte) 


Opcode 
Address of Operand 

(high order byte) 

Address of Operand 

(low order byte) 

Operand Data (high order byte) 
Operand Data (low order byte) 


Opcode 
Address of Operand 

(high order byte) 

Address of Operand 

(low order byte) 

Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 


Opcode 

Operand Address 
(high order byte) 
Operand Address 
(low order byte) 
Operand Data (high order byte) 
Operand Data (low order byte) 
Low Byte of Restart Vector 


Opcode Address + 2 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 4 


Opcode Address + 2 


Address of Operand 
Address of Operand + 1 


1 
1 
1 
1 
1 
,| 
1 
1 
0 
0 
Opcode Address 1 
Opcode Address + 1 1 
1 
| 
: 
0 
1 
1 
1 
1 
1 
1 


Opcode Address + 2 


Address of Operand 
Address Bus FFFF 
Address of Operand 


Opcode Address 
Opcode Address + 1 


Opcode Address + 2 


Operand Address 
Operand Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 


nn Ww NH |/ook ie) po 


Opcode 
Address of Subroutine 
(high order byte) 

Address of Subroutine 
(low order byte) 

Opcode of Next Instruction 


Opcode Address + 2 


Subroutine Starting Address 
Stack Pointer Return Address (low order byte) 
Stack Pointer — 1 Return Address (high order byte 


TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus = $FFFF. 


om i¢) nm 


) 


* 
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Table 14 : Cycle-by-cycle Operation (sheet 3 of 6). 


INDEXED 
ees Ore, ane Cycles mY Ele Address Bus bebe Data Bus 
Instructions Line 
JMP 3 Opcode Address Opcode 


Address Bus FFFF Low Byte of Restart Vector 
Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 
Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register + Offset 
Index Register + Offset + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Index Register + Offset 


Opcode 
Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (high order byte) 
Operand Data (low order byte) 


Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (high order byte) 
Operand Data (low order byte) 


Opcode 
Offset 
Low Byte of Restart Vector 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 


Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (high order byte) 
Operand Data (low order byte) 
Low Byte of Restart Vector 


Opcode 
Offset 
Low Byte of Restart Vector 

First Subroutine Opcode 

Stack Pointer Return Address (low order byte) 
Stack Pointer — 1 Return Address (high order byte 


“ TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus = $FFFF. 


JSR 


pasew= 
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Table 14 : Cycle-by-cycle Operation (sheet 4 of 6). 
INHERENT 


puctess oes ang Cycles eyele Address Bus eh Data Bus 
Instructions # Line 
DAA 2 


1 Opcode Address 1 Opcode 
2 Opcode Address + 1 1 Opcode of Next Instruction 


Opcode Address Opcode 
Opcode Address + 1 Irrelevant Data 
Address Bus FFFF Low Byte of Restart Vector 


Opcode Address Opcode 
Opcode Address + 1 Irrelevant Data 
Address Bus FFFF Low Byte of Restart Vector 


Opcode Address Opcode 
Opcode Address + 1 Opcode of Next Instruction 
Previous Stack Pointer Irrelevant Data 

Contents 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


20 

m 
. 
z= 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 
Opcode of Next Instruction 
Accumulator Data 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Operand Data from Stack 


Opcode 
Irrelevant Data 

Index Register (low order byte) 
_ Index Register (high order byte) 


Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register (low order byte) 
Index Register (high order byte) 


Opcode Address 
Opcode Address + 1 
Stack Pointer 


Opcode Address 
Opcode Address + 1 
Stack Pointer 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer + 4 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer — 1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer + 1 
Stack Pointer + 2 


ahwonhd — 
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Table 14 : Cycle-by-cycle Operation (sheet 5 of 6). 
INHERENT 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer + 1 


Stack Pointer + 2 


ai 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer -— 3 


Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 


Opcode Addres 
Opcode Address + 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer + 1 


DO MNOOAWND = OMONOORWND — on Phwhy 4 
eeniines phe: aan 


W 
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RTS 
Al 
MUL 
RTI 


a —k ak 


Stack Pointer + 2 


Stack Pointer + 3 


Stack Pointer + 4 


Stack Pointer + 5 


Stack Pointer + 6 


Stack Pointer + 7 


SGS-THOMSON 
MICROELECTRONICS 


ky 


112 


pocleee Moe ane Cycles wYSle Address Bus deh Data Bus 
Instructions # Line 


Stack (high order byte) 


Stack (low order byte) 


Opcode 
Irrelevant Data 
Irrelevant Data 
Address of Next Instruction 
(high order byte) 

Address of Next Instruction 
(low order byte) 


Opcode 
Opcode of Next Instruction 
Return Address (low order byte) 
Return Address (high order byte 
Index Register (low order byte) 
Index Register (high order byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code 
Register 


Opcode 
Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


—, 


Opcode 
Irrelevant Data 

Irrelevant Data 

Contents of Condition Code 
Register from Stack 

Contents of Accumulator B from 
Stack 

Contents of Accumulator A from 
Stack 

Index Register from Stack 

(high order byte) 

Index Register from Stack 

(low order byte) 

Next Instruction Address from 


Next Instruction Address from 
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Table 14 : Cycle-by-cycle Operation (sheet 6 of 6). 
INHERENT (continued) 


ROCKIES Mode ene Cycles Address Bus R/W Data Bus 
Instructions Line 


Opcode Address Opcode 
Opcode Address + 1 Irrelevant Data 

Stack Pointer Return Address (low order byte) 
Stack Pointer — 1 Return Address (high order byte 
Stack Pointer — 2 Index Register (low order byte) 
Stack Pointer — 3 Index Register (high order byte) 
Stack Pointer — 4 Contents of Accumulator A 
Stack Pointer — 5 Contents of Accumulator B 
Stack Pointer — 6 Contents of Condition Code 
Register 

Irrelevant Data 

Address of Subroutine (high 
order byte) 

Address of Subroutine (low 
order byte) 


OONOOAA WN — 
oooooo°o + + 


Stack Pointer — 7 
Vector Address FFFA (hex) 


Vector Address FFFB (hex) 


Opcode Address Opcode 
Opcode Address + 1 Branch Offset 
Address Bus FFFF Low Byte of Restart Vector 


Opcode Address Opcode 

Opcode Address + 1 Branch Offset 

Address Bus FFFF Low Byte of Restart Vector 
Subroutine Starting Address Opcode of Next Instruction 
Stack Pointer Return Address (low order byte) 
Stack Pointer — 1 Return Address (high order byte) 
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SIINOULITTIOUIIN d, ks 


NOSWOHL-S9S 


=! 

a 

= 

= 

@ 

NO 

_ 

op) 

JSR, Jump to Subroutine SWI, Software Interrupt Main Program i 
a Q, 

PC Main Program PC $3F = SWI — ae D> 

$9D = JSR RIN ease Condition Code O 

Dec § 
g 

K = Direct Address Index Register (X}4) 5 

Main Program WAI, Wait for Interrupt Main Program Index Register {X,) rr 


. 
RTI, Return from Interrupt Interrupt Program 
PC 


Main Program $38 = ATI Pe eae et 
SBD=JSR Condition Code 


BSR, Branch To Subroutine anion SP ia 
: eee 


SP-1 RTNyY 


S RIN, JME Jump Main Program — Main Program 


S6E = JMP $7E = JMP 
Ky = Next Address 


Extended KL = Next Address 


K = Oftset 
° 
e 


RTS, Return from Subroutine Subroutine 


a. 


P 
pP Stack 
SP 


—> sPi2 RIN, 


Legend 
RIN Address of next instruction in Main Program to be executed upon return from subroutine 
RINW- Most significant byte of Return Address 
RIN; least significant byte af Return Address 
— Stack Panter After Execution 
K 8 bit Unsigned Value 
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PACKAGE MECHANICAL DATA 
DIL—PLASTIC PACKAGE 


(1) Nominal dimension 


(2) True geometrical position 


PLASTIC CHIP CARRIER 


44 pins 
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ORDERING INFORMATION 


The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS-THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 


To initiate a ROM pattern for the MCU, it is ecess- 
ary to first contact your local S@S-THOMSON rep- 
resentative or distributor. 


EPROMs 


Two ET2716 or one ET2732 type EPROMs, pro- 
grammed with the customer program (positive logic 
sense for address and data), may be submitted for 
pattern generation. The EPROM must be clearly 
marked to indicate which EPROM corresponds to 
which address space. The recommended marking 
procedure is illustrated below : 


XXX = Customer ID 


After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re- 
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica- 
tion form. The listing should be thoroughly checked 
and the verification form completed signed, and re- 
turned to SGS-THOMSON. The signed verification 


form consitutes the contractual agreement for cre- 
ation of the customer mask. If desired, SGS-THOM- 
SON will program on blank EPROM from the data 
file used to create the custom mask and aid in the 
verifications process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi- 
ency they are usually unmarked, packaged in Ce- 
ramic, and tested only at room temperature and 
5 volts. These RVUs are included in the mask 
charge and are not produce parts. The RVUs are 
thus not guaranteed by SGS-THOMSON. Quality 
Assurance, and should be discarded after verifica- 
tion is completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 


The customer must write the binary file name and 
company name on the disk with a felt-tip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6801 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con- 
sider submitting a source listing as well as the fol- 
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in- 
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft- 
ware errors and needs assistance quickly from 
SGS-THOMSON factory representatives. 


EFDOS is SGS-THOMSON’ Disk Operating Sys- 
tem available on development systems such as DE- 
VICE... | 


MDOS* is MOTOROLA’s Disk Operating System 
available on development systems such as EXOR- 
ciser... 


* Requires prior factory approval 


Whenever ordering a custom MCU is required, please contact your local SGS-THOMSON representative or 
SGS-THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to your 


local SGS-THOMSON Microelectronics representative. 
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EF6801U4/EF6803U4 


ORDER CODES 


EF6801U4 


Device Screening level 


Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 


Package Oper. Temp Screening Level 


pe [ulele len] | v | m | sta} b | ae | Be | 
jo ae ee 


Device 


EF6801/03U4 (1.0MHz) 
EF6801/03U4-1 (1.25MHz) 


EF68A01/03U4 (1.5MHz) 


Examples : EF6801P, EF6801FN, EF6801PV 


Package : C : Ceramic DIL, J : Cerdip DIL, P « Plastic DIL, E: LCCC, FN : PLCC. 

Oper. temp. : L* :0°C to 70°C, V :—40°C to +85°C, M :—-55°C to +125°C, * : may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level, G, B/B : NFC 96883 level B and MIL-STD-883C level B. 


EXORciser is a registered trade mark of MOTOROLA Inc. 
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EF6801 FAMILY - MCU CUSTOMER ORDERING SHEET 


Commercial reference | | | | | | | | Customer name 


Customer’s marking 


Application 


ROM capacity required : 


Temperature range : 
L} 0'C/+70°C 

LI -40°C/+85°C 
LI -—40°C/+ 105°C 


Package : 
LJ Plastic 
LJ PLCC 


PATTERN MEDIA (a listing may be supplied in addition 
for checking purpose) : 

EPROM Reference : 
J EFDOS/MDOS* disk file 

LI = 8" floppy 

LL} 5"4/4 floppy 


Other * 


* Requires prior factory approval 


Yearly quantity forecast : 


CUSTOMER CONTACT NAME 


Company 
Address 
Phone 


Specification reference ; 
J SGS-THOMSON Microelectronics reference 


Number of interrupt vector : | | | 


Quality level : 
(J stp 
a Fo 


CL} = Other’ (customer’s quality specification ref.) : 


Software developped by : 

J SGS-THOMSON Microelectronics application lab. 
LJ = External lab. 

[I Customer 


OPTION LIST 


-Internal max. clock frequency : 
[J 1.0MHz 

[J 1.25MHz 

(J 1.5MHz* 

LJ = 2.0MHz 


start of production date : 
for a shipment period of : 


SIGNATURE : 
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EF6804 FAMILY DATASHEETS 


ky, SGS-THOMSON 
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HARDWARE FEATURES 


» 5-VOLT SINGLE SUPPLY 

= 32 BYTES OF RAM 

= MEMORY MAPPED I/O 

=» 1012 BYTES OF PROGRAM ROM 

a 64 BYTES OF DATA ROM 

» 12 BIDIRECTIONAL I/O LINES (eight lines with 
high current sink capability) 

a ON-CHIP CLOCK GENERATOR 

= SELF-TEST MODE 

» MASTER RESET 

=» COMPLETE DEVELOPMENT SYSTEM SUP- 
PORT ON INICE © 

=» SOFTWARE PROGRAMMABLE 8-BIT TIMER 
CONTROL REGISTER AND TIMER PRES- 
CALER (7 bits, 2") 

a TIMER PIN IS PROGRAMMABLE AS INPUT OR 
OUTPUT 

a ON-CHIP CIRCUIT FOR ROM VERIFY 


SOFTWARE FEATURES 


a SOFTWARE FEATURES 

a SIMILAR TO EF6805 HMOS FAMILY 

» BYTE EFFICIENT INSTRUCTION SET 

a EASY TO PROGRAM 

a TRUE BIT MANIPULATION 

» BIT TEST AND BRANCH INSTRUCTION 

m SEPARATE FLAGS FOR INTERRUPT AND 
NORMAL PROCESSING 

» VERSATILE INDIRECT REGISTERS 

a CONDITIONAL BRANCHES 

a SINGLE INSTRUCTION 
EXAMINE/CHANGE 

a TRUE LIFO STACK ELIMINATES STACK 
POINTER 

» NINE POWERFUL ADDRESSING MODES 

a ANY BIT IN DATA SPACE MEMORY MAY BE 
TESTED 

a ANY BIT INDATA SPACE MEMORY CAPABLE 
OF BEING WRITTEN TO MAY BE SET OR 
CLEARED 


MEMORY 


USER SELECTABLE OPTIONS 


» 12 BIDIRECTIONAL I/O LINES WITH LSTTL, 
LSTTL/CMOS, OR OPEN-DRAIN INTERFACE 


INICE © is SGS-THOMSON development/emulation tool 


May 1989 


EF6804J2 


8 BIT MICROCOMPUTER 


a CRYSTAL OR LOW-COST RESISTOR-CAPA- 
CITOR OSCILLATOR 

ma MASK SELECTABLE EDGE- OR LEVEL- SEN- 
SITIVE INTERRUPT PIN 


DESCRIPTION 


The EF6804J2 microcomputer unit (MCU) is a 
member of the EF6804 Family of very low-cost 
single-chip microcomputers. This 8-bit microcom- 
puter contains a CPU, on-chip CLOCK, ROM, RAM, 
I/O, and TIMER. It is designed for the user who 
needs an economical microcomputer with the 
proven capabilities of the EF6800-based instruction 
set. 


p 
(Plastic Package) 


PIN CONNECTIONS 
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SECTION 2 


FUNCTIONAL PIN DESCRIPTION, MEM- 
ORY, CPU, AND REGISTERS 


This section provides a description of the functional 
pins, memory spaces, the central processing unit 
(CPU), and the various registers and flags. 


2.1. FUNCTIONAL PIN DESCRIPTION 


2.1.1. Vcc AND Vss. Power is supplied to the MCU 
using these two pins. Vcc is power and Vss is the 
ground connection. 


2.1.2. IRQ. This pin provides the capability for asyn- 
chronously applying an external interrupt to the 
MCU. Refer to 4.1. INTERRUPT for additional infor- 
mation. 


2.1.3. XTAL AND EXTAL. These pins provide con- 
nections to the on-chip clock oscillator circuit. A crys- 
tal, a resistor and capacitor, or an external signal, 
depending on the user selectable manufacturing 
mask option, can be connected to these pins to pro- 
vide asystem clock source with various stability/cost 
tradeoffs. Lead lengths and stray capacitance on 
these two pins should be minimized. Refer to 4.4. 
Internal Clock Generator Options for recommenda- 
tions concerning these inputs. 


2.1.4. TIMER. Inthe input mode, the timer pin is con- 
nected to the prescaler input and serves as the timer 
clock. In the output mode, the timer pin signals that 
a time out of the timer has occurred. Refer to Sec- 
tion 3 Timer for additional information. 


2.1.5. RESET. The RESET pin is used to restart the 
processor of the EF6804J2 to the beginning of a pro- 
gram. This pin, together with the MDS pin, is also 
used to select the operating mode of the EF6804J2. 
If the MDS pin is at zero volts, the normal mode is 
selected and the program counter is loaded with the 
user restart vector. However, if the MDS pin is at 
+5 volts, then pins PA6 ad PA? are decoded to allow 
selection of the operating mode. Refer to 4.3. Reset 
for additional information. 


2.1.6. MDS. The MDS (mode select) pin is used to 
place the MCU into special operating modes. If MDS 
is held at + 5 volts at the exit of the reset state, the 
decoded state of PA6 and PA7 is latched to deter- 
mine the operating mode (single-chip, self-test, or 
ROM verify). However, if MDS is held at zero volts 
at the exit of the reset state, the single-chip opera- 
ting mode is automatically selected (regardless of 
PA6 and PA7 state). 


EF6804J2 


For those users familiar with the EF6801 microcom- 
puter, mode selection is similar but much less com- 
plex in the EF6804J2. No special external diodes, 
switches, transistors, etc. are required in the 
EF6804J2. 


2.1.7. INPUT/OUTPUT LINES (PA4-PA7, PBO- 
PB7). These 12 lines are arranged into one 4-bit port 
(A) and one 8-bit port (B). All lines are programm- 
able as either inputs or outputs under software con- 
trol of the data direction registers. Refer to Section 
5 Input/output Ports for additional information. 


2.2. MEMORY 


The MCU operates in three different memory 
spaces : program space, data space, and stack 
space. A representation of these memory spaces is 
shown in figure 2.1. The program space (figure 2.1a) 
contains all of the instructions that are to be ex- 
ecuted, as well as the data required for the immedi- 
ate addressing mode instructions, and the self-test 
and user vectors. The data space (figure 2.1b) con- 
tains all of the RAM locations, plus I/O locations and 
some ROM used for storage of tables ad constants. 
The stack space (figure 2.1c) contains RAM which 
is used for stacking subroutine and interrupt return 
addresses. 


The MCU is capable of addressing 4096 bytes of 
program space memory with its program counter 
and 256 bytes of data space memory with its instruc- 
tions. The data space memory contains three bytes 
for port data registers, three bytes for port data di- 
rection registers, one byte for timer status/control, 
64 bytes ROM, 32 bytes RAM (which includes two 
bytes for X and Y indirect registers), two bytes for 
timer prescaler and count registers, and one byte 
for the accumulator. The program space section in- 
cludes 304 bytes of self-test ROM, 1008 bytes pro- 
gram ROM, and eight bytes of vectors for self-test 
and user programs. 


2.3. CENTRAL PROCESSING UNIT 


The PCU of the EF6804 Family is implemented in- 
dependently from the I/O or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with I/O and 
memory via internal addresses, data, and control 
buses. 
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Figure 2.1 : EF6804J2 MCU Address Map. 


(a) Program Space Memory Map (b) Dats Space Memory Map 


Port A Data Register $00 
is catenin Port A Data Register] 0 | 0 { 0 | 0 
Port B Data Register 


Self-Test ROM 


Program ROM 
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(c) Stack Space Memory Map Future Expansion 
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2.4. REGISTERS 


The EF6804 Family CPU has four registers and two 
flags available to the programmer. They are shown 
in figure 2.2. and are explained in the following para- 
graphs. 


2.4.1. ACCUMULATOR (A). The accumulator is an 
8-bit general purpose register used in all arithmetic 
calculations, logical operations, and data manipula- 
tions. The accumulator is implemented as the hig- 
hest RAM location ($FF) in data space and thus 
implies that several instructions exist which are not 
explicitly implemented. Refer to 6.3. Implied Instruc- 
tions for additional information. 


2.4.2. INDIRECT REGISTERS (X, Y). These two in- 
direct registers are used to maintain pointers to 
other memory locations in data space. They are 
used in the register-indirect addressing mode, and 
can be accessed with the direct, indirect, short di- 
rect, or bit set/clear addressing modes. These reg- 
isters are implemented as two of the 32 RAM 
locations ($80, $81) and as such generate implied 
instructions and may be manipulated in a manner 
similar to any RAM memory location in data space. 
Refer to 6.3. Implied Instructions for additional infor- 
mation. 


2.4.3. PROGRAM COUNTER (PC). The program 
counter is a 12-bit register that contains the address 
of the next ROM word to be used (may be opcode, 
operand, or address of operand). The 12-bit pro- 
gram counter is contained in PCL (low byte) and 
PCH (high nibble). 

2.4.4. FLAGS (C, Z). The carry (C) bit is set on a 
Carry or a borrow out of the ALU. It is cleared if the 
result of an arithmetic operation does not result in a 


Figure 2.2 : Programming Model. 
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carry or a borrow. The (C) bit is also set to the value 
of the bit tested in a bit test instruction, and partici- 
pates in the rotate left instruction. 


The zero (Z) bit is set if the result of the last arith- 
metic or logical operation was equal to zero, other- 
wise it is cleared. 


There are two sets of these flags, one set is for in- 
terrupt processing, the other for all other routines. 
When an interrupt occurs, a context switch is made 
from the program flags to the interrupt flags (inter- 
rupt mode). An RTI forces the context switch back 
to the program flags (program mode). While in either 
mode only the flags for that mode are available. Fur- 
ther, the interrupt flags will not be cleared upon en- 
tering the interrupt mode. Instead, the flags will be 
as they were at the exit of the last interrupt mode. 
Both sets of flags are cleared by reset. 


2.4.5. STACK. There is a true LIFO stack incorpor- 
ated in the EF6804J2 which eliminates the need for 
a stack pointer. Stack space is implemented in sep- 
arate RAM (12-bits wide) shown in figure 2.1c. 
Whenever a subroutine call (or interrupt) occurs, the 
contents of the PC are shifted into the top register 
of the stack. At the same time (same cycle), the top 
register is shifted to the next level deeper. This hap- 
pens to all registers with the bottom register falling 
out the bottom of the stack. 


Whenever a subroutine or interrupt return occurs, 
the top register is shifted into the PC and all lower 
registers are shifted up one level higher. The stack 
RAM is four levels deep. If the stack is pulled more 
than four times without any pushes, the address that 
was stored in the bottom level will be shifted into the 
PC. 


0 
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indirect 
Register X 


Indirect 
Register Y 


Program 
Counter 


Normal Flags 


Interrupt Flags 
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SECTION 3 


TIMER 


3.1. INTRODUCTION 


A block diagram of the EF6804J2 timer circuitry is 
shown in figure 3.1. The timer logic in the MCU is 
comprised of a simple 8-bit counter (timer count reg- 
ister, TCR) with a 7-bit prescaler, and a timer 
status/control register (TSCR). The timer count reg- 
ister, which may be loaded under program control, 
is decremented towards zero by a clock input (pres- 
caler output). The prescaler is used to extend the 
maximum interval of the overall timer. The prescaler 
tap is selected by bits 0-2 (PSO-PS2) of the timer 
status/control register. Bits PSO-PS2 control the ac- 
tual division of the prescaler within the range of 
divide-by-1 (2°) to divide-by-128 (2”). The timer 
count register (TCR) and prescaler are de- 
cremented on rising clock edges. The coding of the 
TCSR PSO-PS2 bits produce a division in the pres- 
caler as shown in table 3.1. 


Table 3.1 : Prescaler Coding Table. 


[ps1 _[ ps0 | Divide By 
0 1 
0 
1 
1 
0 
0 
1 
1 


--aseneell 
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The TIMER pin may be programmed as either an 
input or an output depending on the status of TOUT 
(TSCR bit 5). Refer to figure 3.1. In the input mode, 
TOUT is a logic zero and the TIMER pin is con- 
nected directly to the prescaler input. Therefore, the 
timer prescaler is clocked by the signal applied from 
the TIMER pin. The prescaler then divides its clock 
input by a value determined by the coding of the 
TSCR bits PSO-PS2 as shown in table 3.1. The 
divided prescaler output then clocks the 8-bit timer 
count register (TCR). When the TCR is de- 
cremented to zero, it sets the TMZ bit in the timer 
status/control register (TSCR). The TMZ bit can be 
tested under program control to perform a timer 
function whenever it goes high. The frequency of the 
external clock applied to the TIMER pin must be less 
than tbyte (fosc/48). 


In the output mode, TOUT is a logic one and the 
TIMER pin is connected to the DOUT latch. There- 
fore, the timer prescaler is clocked by the internal 
sync pulse (divide-by-48 of the internal oscillator). 
Operation is similar to that described above for the 
input mode. However, in the output mode, the low- 
to-high TMZ bit transition is used to latch the DOUT 
bit ofhte TSCR and provide it as output of the TIMER 
pin. 

NOTE: 

TMZ is normally set to logic one when the timer 
times out (TCR decrements to $00) ; however, it 
may be set by a write of $00 to the TCR or by a write 
to bit 7 of the TSCR. 
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During reset, the timer count register and prescaler 
are set to $FF, while the timer status/control regis- 
ter is cleared to $00 and the DOUT LATCH (TIMER 
pin is in the high-impedance input mode) is forced 
to a logic high. The prescaler and timer count regis- 
ter are implemented in data space RAM locations 


3.2. TIMER REGISTERS 


(SFD, $FE) ; therefore, they are both readable and 
writeable. A write to either will predominate over the 
TCR decrement-to-$00 function ; i.e., if a write and 
a TCR decrement-to-$00 occur simultaneously, the 
write will take precedence, and the TMZ bit is not 
set until the next timer time out. 


3.2.1. TIMER COUNT REGISTER (TCR). The timer count register indicates the state of the internal 8-bit 


counter. 
7 


MSB 


0 
LSB 


TCR addr = $FE 
3.2.2. TIMER STATUS/CONTROL REGISTER (TSCR). 


7 6 5 4 


3 2 1 


0 
PS2 PSO 


TSCR address = $09 


b7, TMZ. Low-to-high transition indicates the 
timer count register has de- 
cremented to zero since the timer 
status/control register was last 
read. Cleared by a read of TSCR 
register if TMZ was read as a logic 


one. 
b6. Not used. 
b5, TOUT. When low, this bit selects the input 


mode for the timer. When high, the 
output mode is selected. 


Data sent to the timer output pin 
when TMZis set high (output mode 


3.2.3. TIMER PRESCALER REGISTER. The timer 
prescaler register indicates the state of the internal 
7-bit prescaler. This 7-bit prescaler divide ratio is 


b4, DOUT. 


only). 


Used to initialize the prescaler and 
inhibit its counting while PSI = 0. 
The initialized value is set to $FF. 
The timer count register will also be 
inhibited (contents unchanged). 
When PSI = 1 the prescaler begins 
to count downward. 


bO, b1, b2, PSO-These bits are used to select the 
PS1-PS2. prescaler divide-by ratio ; there- 
fore, effecting the clock input fre- 
quency to the timer count register. 


b3, PSI. 


normally determined by bits PSO-PS2 of the timer 
status/control register (see table 3.1). 


6 0 
MSB LSB 
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SECTION 4 


INTERRUPT, SELF-TEST, RESET AND IN- 
TERNAL CLOCK GENERATOR 


4.1. INTERRUPT 


The EF6804J2 can be interrupted by applying a 
logic low signal to the IRQ pin ; however, a mask op- 
tion selected at the time of manufacture determines 
whether the negative-going edge or the actual low 
level is sensed to indicate an interrupt. 


4.1.1. EDGE-SENSITIVE OPTION. When the IRQ 
pin is pulled low, the internal interrupt request latch 
is set. Prior to each instruction fetch, the interrupt re- 
quest latch is tested and, if its output is high, an in- 
terrupt Sequence is initiated at the end of the current 
instruction (provided the interrupt mask is cleared). 
Figure 4.1 contains a flowchart which illustrates both 
the reset and interrupt sequence. The interrupt se- 
quence consists of one cycle during which : the in- 
terrupt request latch is cleared, the interrupt mode 
flags are selected, the PC is saved on the stack, the 
interrupt mask is set, and the IRQ vector (single chip 
mode = $FFC/$FFD, self-test mode = $FF8/$FF9) 
is loaded into the PC. Internal processing of the in- 
terrupt continues until an RTI (return from interrupt) 
instruction is processed. During the RTI instruction, 
the interrupt mask is cleared and the program mode 
flags are selected. The next instruction of the pro- 
gram is then fetched and executed. Once the inter- 
rupt was initially detected and the interrupt 
sequence started, the interrupt request latch is 
cleared so that the next (second) interrupt may be 
detected even while the previous (first) one is being 
serviced. However, even though the second inter- 
rupt sets the interrupt request latch during process- 
ing of the first interrupt, the second interrupt 
sequence will not be initiated until completion of the 
interrupt service routine for the first interrupt. Com- 
pletion of an interrupt service routine is always ac- 
complished using an RTI instruction to return to the 
main program. The interrupt mask (which Is not di- 
rectly available to the programmer) is cleared dur- 
ing the last cycle of the RTI instruction. 


4.1.2. LEVEL-SENSITIVE OPTION. The actual 
operation of the level-sensitive and edge-sensitive 
options are similar except that the level-sensitive op- 
tion does not have an interrupt request latch. With 
no interrupt request latch, the logic level of the IRQ 
pin is checked for detection of the interrupt. Also, in 
the interrupt sequence, there is no need to clear the 
interrupt request latch. These differences are illus- 
trated in the flowchart of figure 4.1. 


EF6804J2 


4.1.3. POWER UP AND TIMING. During the power- 
up sequence the interrupt mask is set to preclude 
any false or "ghost" interrupts from occurring. To 
clear the interrupt mask, the programmer should 
write a JSR (instead of a JMP) instruction to an in- 
itialization routine as the first instruction in a pro- 
gram. The initialization routine should end with an 
RTI (instead of RTS). Maximum interrupt response 
time is eight machine (tbyte) cycles (see 4.4. Internal 
Clock Generator Options). This includes five ma- 
chine cycles for the longest instruction, plus one ma- 
chine cycle for stacking the PC and switching flags, 
plus two machine cycles for synchronization of the 
IRQ input with the internal clock. Minimum response 
time is one machine cycle for stacking PC and 
switching flags (see 2.4.4. flags (C, Z)). 


4.2. SELF-TEST 


The EF6804J2 MCU has a unique internal ROM- 
based off-line self-test capability using signature 
analysis techniques. A test program stored in the 
on-chip ROM is initiated by configuring pins PA6 and 
PA7 during reset. The test results are sampled on 
a cycle-by-cycle basis by a 16-bit on-chip signature 
analysis register configured as a linear feedback 
shift register (LFSR) using the standard CCITT 
CRC16 polynomial. Aschematic diagram of the self- 
test connections is shown in figure 4.2. To perform 
a test of the MCU, connect it as shown in figure 4.2a 
and monitor the LEDs for a 1101 ($D) pattern. 


A special ROM self-test utilizing the signature ana- 
lysis circuitry is also included. To initiate a test of the 
ROM, connect the circuit as shown in figure 4.2b. 
This mode also uses the on-chip signature analysis 
register to verify the contents of the custom ROM by 
monitoring an internal bus. The "Good" LED indi- 
cates that all ROM words have been read and that 
the result was the correct signature. 


The on-chip self-test and the ROM test are the basis 
of SGS-THOMSON Microelectronics production 
testing for the EF6804J2. These tests have been 
fault graded using statistical methods and have 
been found to provide high fault coverage using 
automatic test equipment (ATE) or the circuit of 
figure 4.2. 


4.3. RESET 


The MCU can be reset in two ways : by initial power 
up (see figure 4.1) and by the external reset input 
(RESET). During power up, a delay of tRHL Is 
needed before allowing the RESET input to go high. 
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Figure 4.1 : Reset and Interrupt Processing Flowchart. 
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This time delay allows the internal clock generator 
to stabilize. Connecting a capacitor and resistor to 
the RESET input, as shown in figure 4.3, typically 
provides sufficient delay. 


4.4. INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to 
require a minimum of external components. A crys- 
tal, a resistor-capacitor, or an external signal may 
be used to generate a system clock with various sta- 
bility/cost tradeoffs. A manufacturing mask option is 
required to select either the crystal oscillator or the 
RC oscillator circuit. The different clock generator 
option connection methods are shown in figure 4.4, 
crystal specifications and suggested PC board 
layouts are given in figure 4.5, resistor-capacitor se- 
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lection graph is given in figure 4.6, and a timing di- 
agram is illustrated in figure 4.7. The crystal oscilla- 
tor startup time is a function of many variables : 
crystal parameters (especially Rs), oscillator load 
capacitance (CL), IC parameters, ambient tempera- 
ture, and supply voltage. To ensure rapid oscillator 
startup, neither the crystal characteristics nor the 
load capacitance should exceed recommendations. 


The oscillator output frequency is internally divided 
by four to produce the internal 61 and 62 clocks. The 
o1 clock is divided by twelve to produce a machine 
byte (cycle) clock. A byte cycle is the smallest unit 
needed to execute any operation (i.e., increment the 
program counter). An instruction may need two, 
four, or five byte cycles to execute. 
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Figure 4.2 : Self—test Circuit. 


SN74LS125A 


* Used with crystal option only. (a) Functional Test 
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* Used with crystal option only (b) Simple ROM Verify Test 
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Figure 4.3 : Power—up Reset Delay Circuit. 


Figure 4.4 : Clock Generator Options. 


EF6804J2 
4] EXTAL MCU 
(Crystal Mask 
Option) 


EXTAL 
EF gB04I2 EF6804J2 


MCU 


XTAL MCU XTAL 


- ear - (Resistor-Capacitor Mask 


Option) 


Extemal Clock External Resistor-Capacitor 


(& SGS-THOMSON he Se ee oe eee 
Sf | MICROELECTRONICS 
133 


EF6804J2 


Figure 4.5 : Crystal Motional Arm Parameters and Suggested PC Board Layout. 


Crystal Parameters 


Crystal Parameters 

AT — Cut Parallel Resonance Crystal 

Co = 7 pF Maximum 

Freq = 11MHz 

Rs = 502 Maximum 
Piezoelectric ceramic resonators which have the equi- 
valent specifications may be used instead of crystal 
oscillators Follow ceramic resonator manufacturer's 
suggestions for Go, C1, and Rs values. 
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Figure 4.7 : Clock Generator Timing Diagram. 


(a) Oscillator -) 1- 2 Timing 
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(b) 6 1— Sync Timing 
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SECTION 5 


INPUT/OUTPUT PORTS 


5.1. INPUT/OUTPUT 


There are 12 input/output pins. All pins (port A and 
B) are programmable as either inputs or outputs 
under software control of the corresponding data di- 
rection register (DDR). The port I/O programming is 
accomplished by writing the corresponding bit in the 
port DDR to a logic one for output or a logic zero for 
input. On reset, all the DDRs are initialized to a logic 
zero state to put the ports in the input mode. The 
port output registers are not initialized on reset but 
should be initialized before changing the DDR bits 


Figure 5.1 : Typical I/O Port Circuitry. 


Data 
Direction Regsster 


Interne! 
Cornect.ons 


Data 
Direction 
Register 

Bit 


Output 
Data Bit 


to avoid undefined levels. When programmed as 
outputs, the latched output data is readable as input 
data, regardless of the logic levels at the output pin 
due to output loading ; see figure 5.1. All input/out- 
put pins are LSTTL compatible as both inputs and 
outputs. In addition, both ports may have one of two 
mask options : 1) internal pullup resistor for CMOS 
output compatibility, or 2) open drain output. The ad- 
dress map in figure 2.1 gives the address of data 
registers and DDRs. The register configuration is 
discussed under the registers paragraph below and 
figure 5.2 provides some examples of port connec- 
tions. 


Output Input to 
State MCU 


ne Si 
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Figure 5.2 : Typical Port Connections. 


SN74LS04 
(Typical) 


LSTTL Dnving Port A Directly 
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SN74LS04 
or 
MC14063 
(Typical) 


(a) Input Mode 


aad 


Ps 
Paa{ 16 |-—— 1 LSTTL Load) 


(CMOS Loads) 


Port A, bit 7 programmed as output, dnving 
CMOS loads and bit 4 dnving one LSTTL 
load directly (using CMOS output option) 


Port B, bit 0, and bit 1 programmed as output, 
dnving LEDs directly 


(b) Output Mode 


The latched output data bit (see figure 5.1) may al- 
ways be written. Therefore, any write to a port writes 
to all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg- 
isters and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions since the data read corresponds to the 
pin level if the DDR is an input (0) and corresponds 
to the latched output data when the DDR is an out- 
put (1). The 12 bidirectional lines may be configured 
by port to be LSTTL (standard configuration), 
LSTTL/CMOS (mask option), or open drain (mask 
option). Port B outputs are LED compatible. 


NOTE 
The mask option only allows changes by port. For 


example, if the customer wishes PA7 to be open 
drain, then PA4-PA7 must all be open drain. 


5.2. REGISTERS 


The registers described below are implemented as 
RAM locations and thus may be read or written. 


5.2.1. PORT DATA REGISTER. The source of data 
read from the port data register will be the port I/O 
pin or previously latched output data depending 
upon the contents of the corresponding data direc- 
tion register (DDR). The destination of data written 
to the port data register will be an output data latch. 
If the corresponding data direction register (DDR) 
for the port I/O pin is programmed as an output, the 
data will then appear on the port pin. 


7 0 
MSB LSB 
Port A Address = $00 
Port B Address = $01 
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5.2.2. PORT DATA DIRECTION REGISTER. The pins corresponding bit position will program that pin 
port DDRs configure the port pins as either inputs as an input while a one in the pins corresponding bit 


or outputs. Each port pin can be programmed indi- position will program that pin as an output. 
vidually to act as an input or an output. A zero in the 
7 0 
MSB LSB 


Port A Address = $04 
Port B Address = $05 
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SECTION 6 


SOFTWARE AND INSTRUCTION SET 


6.1. SOFTWARE 


6.1.1. BIT MANIPULATION. The EF6804J2 MCU 
has the ability to set or clear any register or single 
random access memory (RAM) writable bit with a 
single instruction (BSET, BCLR). Any bit in data 
space, including ROM, can be tested, using the 
BRSET and BRCLR instructions, and the program 
may branch as a result of its state. The carry bit is 
set to the value of the bit referenced by BRSET or 
BRCLR. A rotate instruction may then be used to 
accumulate serial input data in a RAM location or 


Figure 6.1 : Bit Manipulation Example. 


6.1.2. ADDRESSING MODES. The EF6804J2 
MCU has nine addressing modes which are ex- 
plained briefly in the following paragraphs. The 
EF6804J2 deals with objects in three different ad- 
dress spaces : program space, data space, and 
stack space. Program sapce contains the instruc- 
tions which are to be executed, plus the data for im- 
mediate mode instructions. Data space contains all 
of the RAM Icoatin, X and Y registers, accumulator, 
timer, I/O locations,and some ROM (for storage of 
tables and constants). Stack space contains RAM 
for use in stacking the return addresses for subrou- 
tines and interrupts. 


The term "Effective Address" (EA) is used in de- 
scribing the address modes. EA is defined as the 
address from which the argument for an instruction 
is fetched or stored. 


6.1.2.1. Immediate 


In the immediate addressing mode, the operand is 
located in program ROM and is contained in a byte 
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register. The capability to work with any bit in RAM, 
ROM, or I/O allows the user to have individual flags 
in RAM or to handle I/O bits as control lines. 


The coding example in figure 6.1 illustrates the use- 
fulness of the bit manipulation and test instructions. 
Assume that the MCU is to communicate with an 
external serial device. The external device has a 
data ready signal, a data output line, and aclock line 
(to clock data one bit at a time, MSB first, out of the 
device). The MCU waits until the data is ready, 
clocks the external device, picks up the data in the 
carry flag (C bit), clears the clock line, and finally ac- 
cumulates the data bit in the accumulator. 


BRSET 


6, PORTA, SELF 


5, PORTA 
4, PORTA, CONT 
5, PORTA 


following the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 


6.1.2.2. Direct 


In the direct addressing mode, the effective address 
of the argument is contained in a single byte follow- 
ing the opcode byte. Direct addressing allows the 
user to directly address the 256 bytes in data space 
memory with a single two-byte instruction. 


6.1.2.3. Short Direct 


The MCU also has four locations in data space RAM 
($80, $81, $82, $83) which may be used in a short- 
direct addressing mode. In this mode the lower two 
bits of the opcode determine the data space. RAM 
location, and the instruction is only one byte. Short 
direct addressing is a subset of the direct address- 
ing mode. (The X and Y registers are at locations 
$80 or $81 respectively). 


MICROELECTRONICS 


EF6804J2 


6.1.2.4. Extended 


In the extended addressing mode, the effective ad- 
dress is obtained by concatenating the four least sig- 
nificant bits of the opcode with the byte following the 
opcode (12-bit address). Instructions using the ex- 
tended addressing mode (JMP, JSR) are capable 
of branching anywhere in program space. An ex- 
tended addressing mode instruction is two bytes 
long. 


6.1.2.5. Relative 


The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, the 
address is formed by adding the sign extended 
lower five bits of the opcode (the offset) to the pro- 
gram counter if and only if the condition is true. 
Otherwise, control proceeds to the next instruction. 
The span of relative addressing is from - 15 to + 16 
from the opcode address. The programmer need 
not worry about calculating the correct offset when 
using the Motorola assembler since it calculates the 
proper offset and checks to see if it is within the span 
of the branch. 


6.1.2.6. Bit Set/Clear 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte follow- 
ing the opcode specifies the direct address of the 
byte in which the specified bit is to be set or cleared. 
Thus, any bit in the 256 locations of data space 
memory, which can be written to, can be set or 
cleared. 


6.1.2.7. Bit Test and Branch 


The bit test and branch addressing mode is a com- 
bination of direct addressing and relative address- 
ing. The bit which is to be tested is included in the 
opcode, and the data space address of the byte to 
be tested is in the single byte immediately following 
the opcode byte. The third byte is sign extended to 
twelve bits and becomes the offset added to the pro- 
gram counter if the condition is true. The single 
three-byte instruction allows the program to branch 
based on the condition of any bitin data space mem- 
ory. The span of branching is from - 125 to + 130 
from the opcode address. The state of the tested bit 
is also transferred to the carry flag. 


6.1.2.8. Register-indirect 


In the register-indirect addressing mode, the oper- 
and is at the address (in data space) pointed to by 
the contents of one of the indirect registers (X or Y). 
The particular X or Y register is selected by bit 4 of 
the opcode. Bit 4 of the opcode is then decoded into 
an address which selects the desired X or Y regis- 
ter ($80 or $81). A register-indirect instruction is one 
byte long. 

6.1.2.9. Inherent 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in 
the opcode. These instructions are one byte long. 


6.2. INSTRUCTION SET 


The EF6804J2 MCU has a set of 42 basic instruc- 
tions, which when combined with nine addressing 
modes produce 242 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 


6.2.1. REGISTER/MEMORY INSTRUCTIONS. 
Most of these instructions use two operands. One 
operand is the accumulator and the other operand 
is obtained from memory using one of the address- 
ing modes. The jump unconditional (JMP) and jump 
to subroutine (JSR) instructions have no register 
operands. Refer to table 6.1. 


6.2.2. READ-MODIFY-WRITE INSTRUCTIONS. 
These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modi- 
fied value back to memory or to the register. There 
are ten instructions which utilize read-modify-write 
cycles. All INC and DEC forms along with all bit man- 
ipulation instructions use this method. Refer to table 
6.2. 


6.2.3. BRANCH INSTRUCTIONS. The branch ins- 
tructions cause a branch from the program when a 
certain condition is met. Refer to table 6.3. 


6.2.4. BIT MANIPULATION INSTRUCTIONS. 
These instructions are used on any bit in data space 
memory. One group either sets or clears. The other 
group performs the bit test branch operations. Refer 
to table 6.4. 
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oe Modes 


Special 


Load A from Memory | — [Acar] ar] 1 


on Ae eolosiosstiih + scr esas 
Arithmetic Compare 


Subtract from A 

al a a a a al a i 
with Memory 
xo woroven [ae [| 
en ae eS OS ee ANSE mE 
Ecce Co oe ee ee ea eee Eee ee 
a Cee ee oe eee eee ee esa 
FE a (2 sm rn 0 Gi Me tat a ge 
a ee Se SS 
a ee SS cseseses 


Move Immediate Vaiue 

to pore 

ja ahd con [RO ee eee ee 
aa Te a ON a ee Od SYR eR 


SPECIAL NOTES 

1. In Shon-Direct adcressing, the LDA mnemonic represents opcode AC, AD, AE, and AF. This is equrvalant to RAM locations $80 (AC), $81 (AD), $82 (AE), and $83 (AF) 
2. In Short-Oirect addressing, the STA mnemonic represents opcode BC BD, BE, and BF. This is equivalent to RAM locations $80 (BC), $81 (BO), $82 (BE), and $83 (BF). 
3. In Extended addressing, the four LSBs of the opcode (Mnemonic JSA and JMP) are formed by the four MSBs of the target address. (TAR) 
4. In Immediate addressing, the LOX! and LOY! are mnemonics which are recognized as follows: 

LOX!= MVI’ $80,data 

LOYI=MV!I $81,data Where data is 8 one-byte hexadecimal number. 
5. The MVI Instruction refers to both Immediate and Direct addressing. 
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oo Modes 


<a om 
Lh weaned ee oe Opcode ies Aa 


re 7 ae pee 

Te a a RS ME LN GO SR eG SN 
[InerementXP_ 0 incx | Pr 
neroment VPs INGY Yn 
[Decrement Memory Location | DEC | E7 | F' [ + [ 4 | FF | 2 | 4 [eepe | 1 | 4 | 24 | 
DecrementA [DECAY S| TT ke 
[DecrementxP Deck} Te 
[Decrement YP fDecyy TC 


SPECIAL NOTES 
1. In short-dlrect addressing, the INC mnemonic represents opcode A8, AS, AA and AB. These are equivalent to RAM locations $80 (A8), $81 (AS), $82 (AA} and $83 (AB), 


2. In short-direct addressing, the DEC mnemonic represents opcode B8, BG, BA and BB. These are equivalent to RAM locations $80 (B&), $81 (BS), $82 (BA) and $83 (BB), 


3. In Inclrect addressing, the INC mnemonic represents opcode E6 or F6, and causes the locatlon polntec to by X (E6 opcode) or Y (F6 opcode) to be Incremented. 
4. In indirect addressing, the INC mnemonic represents opcodes E7 or F7, and causes the location polntec to by X (E7 opcode) or Y (F7 opcode) to be Incremented. 
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Table 6.3 : Branch Instructions. 


Branch if Carry Clear 


SPECIAL NOTES 


Relative Addressing Mode 


PeranchitHigherorSame [es | aosF [1 SC«dtSCtiidYC 
PeranchifGany Sei Bes =| sore | 
Peranchifuower [to -(| err | 1 ~~~ 
PBrenchifNot Equal [BNE | ootr [1d Se 
Peranchifequal | seq —~| ose id 


1 Each mnemonic of the Branch Instructions covers a range of 32 opcodes, e g , BCC ranges from 40 through 5F The ac- 
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a 
Notes 


+ 
NO 


=a /o | 
nO] NM [PM 


tual memory location (target address) to which the branch is made is formed by adding the sign extended lower five bits 
of the opcode to the contents of the program counter. 

2 The BHS instruction (shown in parentheses) is identical to the BCC instruction. The C bit is clear if the register was higher 
or the same as the location in the memory to which it was compared 

3 The BLO instruction (shown In parentheses) is identical to the BCS instruction. The C bit is set if the register was lower 
than the location in memory to which it was compared 


Table 6.4 : Bit Manipulation Instructions. 


Addressing Modes 


Bit Set/Clear Bit Test and Branch 


| Function | nem 


Branch IFF Bitnis set | BRSETn(n=0 7) 
Branch IFF Bitnis clear] BRCLR n(n=0 7) 
Set Bit n BSETn(n=0 7) | D8+n 


# # # # 


SPECIAL NOTE 


1 The opcode is formed by adding the bit number (0-7) to the basic opcode. For example to clear bit six using the BSET6 


instruction the opcode becomes DE (D8 + 6), BCLR5 becomes (CO + 5), ete 


6.2.5. CONTROL INSTRUCTIONS. The control in- 
structions control the MCU operations during pro- 
gram execution. Refer to table 6.5. 


6.2.6. ALPHABETICAL LISTING. The complete in- 
struction set is given in alphabetical order in table 
6.6. There are certain mnemonics recognized by the 
assembler and converted to other instructions. The 


6.3. IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are lo- 
cated in RAM many implied instructions exist. The 
assembler-recognized implied instructions are 
given in table 6.6. Some examples not recognized 
by the assembler are shown below. 


BCLR, 7 $FF Ensures accumulator is plus 
fact that all registers and accumulator are in RAM ae 
allows many implied instructions to exist. The im-  BSET, 7 $FF Ensures accumulator is minus 
plied instructions recognized by the assembler are BRCLR, 7 $FF Branch iff accumulator is plus 
identified in table 6.6. BRSET, 7$FF Branch iff accumulator is minus 
pi ian. oo See 
voc BRSET,7$80 —_ Bracnh iff X is minus (BXMl) 

BRCLR, 7 $81 Branch iff Y is plus (BYPL) 
BRSET, 7 $81 Branch iff Y is minus (BYMI) 
23/35 
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Addressing Modes a 


a ee ee — eee ee ee 

Special 
Fm | ef |] le [at] ae [et | 
Transfer AtoX = A Transfer AtoX = Xx 
————————————EE 
TransforXtoA ss { THA] ac | 64] lA fl UT 
Transter YtoA ==—s—s{ TYA] AD | Ut lk TUT 
[Retum from Subroutine ={ RTS; = =6opf Tt fl 
[Return from Interrupt =| ATH | | Tet te 
[No-operation ===-ss§ =| NOP] | ft 


SPECIAL NOTE 
1. The NOP Instruction Is equivalent to a branch If equal (BEQ) to the location designated by PC + 1. 
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Table 6.6 : Instruction Set. 


Addressing Modes | Flags | 

wea mane| omer [S| at [Sac [devs] wane] [6 
PA NN | hs a Ne ed ee ed 
ea (aaa ES ae a I RON SEE: (VEE: eae ES I 
pasta | | Assembler converts thisto "ADD SFF” | | | Tt 
[BCC alee eee ee ee Ne ie = od 
a a A jE (Ee a a ae ee es 
STS aa eae Sry ees Nae ea (a |e | ee (ee ee 
Oe, ae acetate ese We ee me elle ee eee ae 
}BHS | | Assembler converts thisto Bcc” | | ie ae 
je.o_ | CT Assembler converts thisto"acs’ | | | 
1S Se [Pee (eae (ieee ree Pee ee 
E11 a ae (aes (a (a NS ee ae ees (eres I 
STS a (ee Fee sae Ia ek: I es AT (ote ee Ree 
B= Ta a ea Ee ce (Pe (RN A 
| cLRA | | Assembler converts thisto"suB SFr" | | | tT 
jcurx | | | Assembler converts this to"MVi= 0, $80" | | J Tt 
pclrRy | | Assembler converts thisto"Mvi=o, sai" | | | Te 
CIR ee a ee ee Lo Se ed 
OM sl tl ere ge ag na Na eal rset eel | 
[aS aa (Saar a (ee (SNS (EE Ee a 
PpecA | |__| Assembler converts histo DEcsFe” | | ———*+| Sd vA | 
jdecx | | Assembler converts thisto "Dec seo” | | | 
j}decy | | i Assembler converts thisto"Dec ssi" | | Tk 
RINGS siete ek oe ee Sitar ee oe ee ns a ee 
Pinca |_| | Assembler convers tht" INCSFF” | | —*+| +i» ‘| 
pincx | | | Assemblerconverts thistoincsso” | | TT 
jincy | | Assembler converts this to"INC $81" | eee beer a 
RIMES ie ee ee ee ee | 
EIS ees el ei ee ee ee al eI ed 
iD ode de ee ed lee te ea oe 
juoxi | | id Assemblerconvertsthisto"MviDaTA, sao] | | 
jtbyi | | | Assembler converts thisto"MVIDATA, sai*} | | ee 
Mises le sa ee ei oe ee de ee ee 
|Nop {| | Assembler converts this to "BEQ (Poy+ "| | 
POROGA, 5 2 see Ne ee a ee 
AT [aS a EIS Aa as SENS) (REN, TN ieee eee (aaa | ene A es er 
FS EE a (RN RR ea | (eae EE (OE 
PS le ey he ew el wm aera meee ee et 
a RS A NE a ee a ee ee ee 
|Tax | Assembler converts thisto"STAS8O” TT 
[tay | Assembler converts thisto "STA SBI" 
|mxaA | Assembler converts thisto"LDAseo” Tt 
jtva | Assembler converts thisto"LDASei” TU Tt 


Flag Symbols Z = Zero, C = Carry/borrow, a = Test and Set if True, Cleared Otherwise, * = Not affected 
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Table 6.7 : EF6804P2 Microcomputer Instruction Set Opcode Map. 


er Branch Instructions 
ar 
Low 0000 0001 0010 0011 0100 0101 0110 0111 
2 2 2 2 2 2 2 2 
ea Ee REL | 1 REL | 1 REL | 1 REL | 1 REL | 1 REL 
Kath 


REL 


rp t— 
W 
9) 
>» 
m 
rm 
Ww 
9) 
op) 


Abbreviations for Address Modes EXT Extended 
INH Inherent REL Relative 
S-D Short Direct BSC Bit Set/Clear 
B-T-B Bit Test and Branch R-IND Register Indirect 
IMM Immediate ° ‘ Indicates Instruction Reserved for Future Use 
DIR Direct # Indicates Illegal Instruction 
a a rat (57 SGS:THOMSON 
MICROELECTROMICS 
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Table 6.7 : (continued). 
Register/Memory, Control, and Bit Manipulation Register/Memory and 
ele | ito a ae anstruptions. ae | 
EXT| 2 B-T-B| 3 BSC R-IND R-IND 0000 
EXT| 2 B-T-B| 3 BSC R-IND R-IND 0001 
5 
2 EXT| 2 INH|_ 3 B-T-B|_3 BSC R-IND R-IND 0010 
4 
2 EX INH|_ 3 B-T-B| 3 BSC R-IND R-IND 0011 
4 
2 EXT EXT INH B-T-B BSC R-IND R-IND 0100 
4 4 
JSRn * JMPn iam: ROLA ‘BRCLRS  BCLRS ac AND 
2 EXT EXT INH B-T-B BSC R-IND 1 R-IND o10) 
4 4 4 
2 EXT EXT BSC R-IND 1 R-IND 0110 
4 4 
BSC R-IND | 1 R-IND ort 
4 4 4 4 
JSRn JMPn INC ‘BRSETO | BSETO LDA 8 
2 EXT| 2 EXT | 1 $-D BSC 2 DIR ee 
4 
EXxT| 2 B-T-B| 3 BSC] 2 1010 
EXT| 2 ne 
aa 
EXT| 2 B-T-B BSC] 2 
EXT} 2 B-T-B]_ 3 BSC] 2 Hi 1 
5 
EXT| 2 B-T-B : 
EXT} 2 B-T-B] 3 
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SECTION 7 


ELECTRICAL SPECIFICATIONS 


7.1. INTRODUCTION 
This section contains the electrical specifications and associated timing for the EF6804J2. 


7.2. ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range 
Standard or L Suffix 0 to + 70 


V Suffix — 40 to + 85 
T Suffix — 40 to+ 105 


Storage Temperature Range — 55 to + 150 


Ty Junction Temperature Range 
Plastic 150 


This device contains circuitry to protect the inputs against damage due to high static voltages of electric fields , however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit For proper operation it 
is recommended that Vin and Vou be constrained to the range Vss (Vin Or Vout) Vcc Reliability of operation is enhanced if unused input except 
EXTAL are connected to an appropriate logic voltage level (e g., either Vss or Vcc) 


7.3. THERMAL DATA 


BJA Thermal Resistance Plastic a: eee 


Figure 7.3: LSTTL Equivalent Test Load Figure 7.2 : CMOS Equivalent Test Load 
(port A and TIMER). (port A and B). 


P 
4kQ Test Point 


30 pF (Total) 
40 pF 1N4148 | 
(Total) or Equiv 


Figure 7.1 : LSTTL Equivalent Test Load 
(port B). 


10 ki? 


1N4148 
or Equiv. 
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7.4. POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C 
can be obtained from : 


Ty = Ta + (Pp * 6a) (1) 
Where : 
Ta = Ambient Temperature, °C 


Qua = Package Thermal Resistance, Junction-to- 
Ambient, °C/W 


Pp = Pint + Prort 
Pint = Icc x Vcc, Watts - Chip Internal Power 


Pport = Port Power Dissipation, Watts - User Deter- 
mined 


For most applications Peport << Pint and can be ne- 
glected. Pport may become significant if the device 


7.5. ELECTRICAL CHARACTERISTICS 


EF6804J2 


is configured to drive Darlington bases or sink LED 
loads. 


An approximate relationship between Pp and Ty (if 
Pport is neglected) is : 


Pp =K+(Ty + 273°C) (2) 
Solving equations 1 and 2 for K gives : 
K = PD = (Ta + 273°C) + 8Ja * Poo (3) 


Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Pp (at equilibrium) for a known Ta. Using 
this value of K the values of Pp and Ty can be ob- 
tained by solving equations (1) and (2) interatively 
for any value of Ta. 


(Voc = + 5.0 Vde + 0.5 Vdc, Vssg = 0 Vdc, T, = T, to Ty unless otherwise noted) 


Parameter 


7.6. ELECTRICAL CHARACTERISTICS 


| Min, | Max. | Unit _| 
Internal Power Dissipation—No Port Loading Ta = 0°C Lo ee | 
Ta =— 40°C 210 

[Vin [input High VottageSSSC~S~YCi P Veo | V_ 
i 
fe ini 


Input Capacitance Ld 
Input Current(IRQ, RESET) Ed 


(Voc = + 5.0 Vdc + 0.5 Vdc, Vsg = GND, Ta, = T, to Ty unless otherwise noted) 


RESET Delay Time (external capacitance 


[symbot | ——~S™S~S rameter SSC*dn | 
ae el ES 
ov, tw [RG and THER Puse Wah ——SSSSSSC~id tye | 
tn [RESET Pulse With SSSSCS*~S~S ake | 


1.0F) 
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7.7. PORT DC ELECTRICAL CHARACTERISTICS 
(Voc = + 5.0 Vde + 0.5 Vde, Vsg = GND, Ta = T, to Ty unless otherwise noted) 


TIMER AND PORTS A (standard) 


Symbol 
Vin 
Vit 


Input High Voltage Lee 


Input Low Voltage 


Its! Hi-Z State Input Current 


TIMER AND PORTS A (open drain) 


Its\ Hi-Z State Input Current 


VoL 
Vin 
VIL 


lLop Open Drain Leakage (Vout = Vcc) 


TIMER AND PORTS A (CMOS drive) 


PORT B (standard) 


VoL 
Vou 
Vou 
Vin 
Vit 


ItsI 


[irs | Hz State Input Curent ——SSSCSSCSCSC~“~S~—rSS 


| Min. | 
2.0 
ee 
| Mins 
eee 
eee 
ae 
| Min, 
Eee 
Pees 
| Mine 
a 
eal 
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PORT B (open drain) 


Parameter —SS—S*d:SCOin. ty 
Vo. | Ouiput Low Vowage, iow = toma ——SSCSC~dSCtCi*dSSCd 
Vor | Ouiput Low Votiage lose = 10ma ing) 
[vin [input High vowge SS SSC*dYSC 
[Vn | input Low Votage SSS ns 

2 


| Max. | Unit 
| os | vv 


| 80 | WA 
| 80 | uA 


Lee dl 
ae 
| Parameter | Min. | Typ. 
| Vor | Output Low Voltage, toa =10mA | | 
| Vor | Output High Voltage, Ikoas = 10mA (sinky | | 
| Vou | Output High Voltage, Itoas=-10wA | Veo 1.0] 
k— Wor. || Output High Voltage, ILoag =— 100A a a ea 
Vi ee 
Pee ee el 
eee 


Vss 

2.3 
Input High Voltage, ILoag =— 300A Max 2.0 

Input Low Voltage, ILoag =— 300LA Max Vss 


Hi-Z State Input Current (Vin =0.4V to Vcc) 


Poni | 
aries Am 
os fv 
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SECTION 8 


MECHANICAL DATA 


This section contains the pin assignment and package dimension diagrams for the EF6804J2 microcom- 
puter. 


MECHANICAL DATA 


es 2.54 (2) 


e e e e e e - 
[ 


(1). Nominal dimension 
(2) True geometrical positior 


20 Pins 
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SECTION 9 


ORDERING INFORMATION 


9.1. INTRODUCTION 


The following information is required when ordering 
a custom MCU. The information may be transmitted 
to SGS-THOMSON in the following media : 


EPROM(s), 2716 or 2732 
EFDOS/MDOS *, disk file 


To initiate a ROM pattern for the MCU, it is necess- 
ary to first contact your local field service office, local 
sales person, or your local S@GS-THOMSON repre- 
sentative. 


9.1.1. EPROMs. One 2716 or one 2732 type 
EPROM, programmed with the customer program 
(positive logic sense for address and data), may be 
submitted for pattern generation. Since all program 
and data space information will fit on one 2716 or 
2732 EPROM, the EPROM must be programmed 
as follows in order to emulate the EF6804J2 MCU. 
For a 2716, start the data space ROM at EPROM 
address $020 and start program space ROM at 
EPROM address $410 and continue to memory 
space $7FF. Memory spaces $7F8 through $7FB 
are reserved for SGS-THOMSON self-test vectors. 
For a 2782, the memory map shown in figure 2.1 
can be used. All unused bytes, including the user’s 
space, must be set to zero. For shipment to SGS- 
THOMSON the EPROMs should be placed in a con- 
ductive IC carrier and packed securely. Do not use 
styrofoam. 


9.1.2. EFDOS/MDOS * DISK FILE. An 
EFDOS/MDOS* disk, programmed with the cus- 
tomer program (positive logic sense for address and 
data), may be submitted for pattern generation. 
When using the EFDOS/MDOS* disk, include the 
entire memory image of both data and program 
space. All unused bytes, including the user’s space, 
must be set to zero. 


9.2. VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re- 
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica- 
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re- 
turned to SGS-THOMSON. The signed verification 
form constitutes the contractural agreement for cre- 
ation of the customer mask. If desired, S@GS-THOM- 


EF6804J2 


SON will program a blank 2716, 2732, or 
EFDOS/MDOS* disk (supplied by the customer) 
from the data file used to create the custom mask 
to aid in the verification process. 


* Requires prior factory approval 


9.3. ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi- 
ency they are usually tested only at room tempera- 
ture, five volts and may be unmarked and packaged 
in ceramic. These RVUs are included in the mask 
charge and are not production parts. 


These RVUs are not backed nor guaranteed by 
SGS-THOMSON Quality Assurance. 


9.4. FLEXIBLE DISKS 


The disk media submitted must be single-sided 
single density, 8-inch, EFDOS/MDOS* compatible 
floppies. The customer must clearly label the disk 
with the ROM pattern file name. The minimum 
EFDOS/MDOS* system files as well as the absolute 
binary object file (file name. LO type of file) from the 
6804 cross assembler must be on the disk. An ob- 
ject file made from a memory dump, using the ROL- 
LOUT command is also admissable. Consider 
submitting a source listing as well as : file name, LX 
(DEVICE/EXORciser loadable format). This file will 
of course be kept confidential and is used 1) to 
speed up the process in house if any problems arise, 
and 2) to speed up our customer to factory interface 
if a user finds any software errors and needs assis- 
tance quickly from SGS-THOMSON factory repre- 
sentatives. 


EFDOS is SGS-THOMSON Disk Operating System 
available on development systems such as DE- 
VICE. 

MDOS is MOTOROLA’s Disk Operating System 
available on development systems such as EXOR- 
ciser... 

* Requires prior factory approval. 


Whenever ordering a custom MCU is required, 
please contact your local SGS-THOMSON 
Microelectronics distributor and/or complete and 
send the attached "MCU customer ordering sheet 
SEMICONDUCTEURS representative. 
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ORDER CODES 


EF6804J2 
Device 
Package 


The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 


. 
sae J pen [ou |v | tjsa} o | | 


pv | Pe 
EF6804J2 a a ee ee 
SS aa [ae AR EN eee cee ee 

ane eee (ee 
Examples :EF6804J2P, EF6804J2PV, EF6804J2PLD, EF6804J2PVD 


Package : C : Ceramic DIL, P : Plastic DIL, FN : PLCC 
Oper. temp. : L* : 0°C to + 70°C, V :— 40°C to + 85°C, T :— 40°C to + 105°C, * : may be omitted 
Screening level : Std : (no-end suffix), D : NFC 96883 level D 


aoe Screen level 


Oper temp 


EXORciser Is a registered trademark of MOTOROLA Inc 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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EF6804 FAMILY - MCU CUSTOMER ORDERING SHEET 


Commercial reference | | | | | | | | | Customer name 


Customer’s marking 


Application 


ROM capacity required : 


Température range : 
LI 0°C/+70°C 

L} -40°C/+85°C 
LJ} -40°C/+105°C 


Package 
LJ Plastic 


PATTERN MEDIA (a listing may be supplied in addition 
for checking purpose) : 


EPROM Reference : 
I EFDOS/MDOS* disk file 


8" floppy 
LJ 5" 1/4 floppy 


Other * 


“ Requires prior factory approval 


Yearly quantity forecast : 


CUSTOMER CONTACT NAME : 


ky SGS-THOMSON 


Company 
Address 
Phone 


Specification reference ; 
SGS-THOMSON Microelectronics reference 


Quality level : 
LJ sTD 
LI ob 


CJ = Other’ (customer’s quality specification ref.) : 


Software developped by : 

[1 SGS-THOMSON Microelectronics application lab. 
LJ = External lab. 

J Customer 


OPTION LIST 


-Oscillator input : - Port A output drive 
(41/Os) 
LJ Xtal (I Enabled 


L) RC LJ Disabled 


- Interrupt Trigger : - Port B output drive : 
Edge -sensitive LJ CMOS and TTL 


Level-and edge- LI TTLonly 
sensitive LJ Open drain 


Start of production date : 
for a shipment period of : 


SIGNATURE : 
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8 BIT MICROCOMPUTER 


HARDWARE FEATURES 

» 8-BIT ARCHITECTURE 

a PIN COMPATIBLE WITH THE EF6805P2 AND 
EF68HC04P3 

a 32 BYTES OF RAM 

a MEMORY MAPPED 1/O 

a 1020 BYTES OF USER ROM 

a 64 BYTES OF ROM FOR LOOK-UP TABLES 

a 20 TTL/CMOS COMPATIBLE BIDIRECTIONAL 
I/O LINES (eight lines are led compatible) 

= 8-BIT TIMER WITH 7-BIT SOFTWARE PRO- este nang) peeves) 
GRAMMABLE PRESCALER 

a» ON-CHIP CLOCK GENERATOR 

a SELF-CHECK MODE AND ROM VERIFY 
MODE 

a» MASTER RESET 

» COMPLETE DEVELOPMENT SYSTEM SUP- 
PORT ON INICE ® 

a 5 VOLT SINGLE SUPPLY 

a TIMERPINIS PROGRAMMABLE AS INPUT OR 
OUTPUT 

SOFTWARE FEATURES 

a SIMILAR TO EF6805 HMOS FAMILY 

=» BYTE EFFICIENT INSTRUCTION SET aires be 

a EASY TO PROGRAM 

a TRUE BIT MANIPULATION 

a BIT TEST AND BRANCH INSTRUCTION 

a SEPARATE FLAGS FOR INTERRUPT AND 
NORMAL PROCESSING 

a VERSATILE INDIRECT REGISTERS 

s CONDITIONAL BRANCHES 

a SINGLE INSTRUCTION MEMORY 
EXAMINE/CHANGE 

= TRUE LIFO STACK ELIMINATES STACK 
POINTER 

a» EIGHT POWERFUL ADDRESSING MODES 

a ANY BIT IN DATA SPACE MEMORY MAY BE 
TESTED 

a ANY BIT INDATA SPACE MEMORY CAPABLE 
OF BEING WRITTEN TO MAY BE SET OR 
CLEARED 

USER SELECTABLE OPTIONS 

= 20 BIDIRECTIONAL I/O LINES WITH LSTTL, 
LSTTL/CMOS, OR OPEN-DRAIN INTERFACE 

a CRYSTAL OR LOW-COST RESISTOR-CAPA- 
CITOR OSCILLATOR 

=» MASK SELECTABLE EDGE- OR LEVEL-SEN- 
SITIVE INTERRUPT PIN 


PIN CONNECTIONS 
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DESCRIPTION 


The EF6804P2 Microcomputer Unit (MCU) is a 
member of the EF6804 Family of very low-cost 
single-chip microcomputers. This 8-bit microcom- 
puter contains a CPU, on-chip CLOCK, ROM, RAM, 
INICE® is SGS THOMSON development/emulation tool 


Figure 1.1 : EF6804P2 MCU Block Diagram. 


XTAL EXTAL 


7 g Counter 


Timer/ Status 
8 Control Register 


Accumulator 

8 A 
Indirect 
Regsster 

3 (Note) xp 
Indirect 
Register 

3 (Note) yp 


1020 x 8 
User Program ROM 
292 x8 
Self-Check ROM 


I/O, and TIMER. It is designed for the user who 
needs an economical microcomputer with the 
proven capabilities of the EF6800-based instruction 
set. The following are some of the hardware and 
software highlights of the EF6804P2 MCU. 


RESET MDS !RO 


CPU 
Control 


ALU 


64x8 
Data ROM 


Note : 8-Bit indirect registers XP and YP, although shown as part of the CPU, are actually located in the 32 x 8 RAM at locations $80 and $81. 
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SECTION 2 


FUNCTIONAL PIN DESCRIPTION, MEMORY, 
CPU, AND REGISTERS 


This section provides a description of the functional 
pins, memory spaces, the central processing unit 
(CPU), and the various registers and flags. 


2.1. FUNCTIONAL PIN DESCRIPTION 


2.1.1. Vcc and Vss. Power is supplied to the MCU 
using these two pins. Vcc is power and Vss is the 
ground connection. 


2.1.2. IRQ. This pin provides the capability for asyn- 
chronously applying an external interrupt to the 
MCU. Refer to 4.1. INTERRUPT for additional infor- 
mation. 


2.1.3. XTAL and EXTAL. These pins provide con- 
nections to the on-chip clock oscillator circuit. A 
crystal,a resistor and capacitor, or an external sig- 
nal, depending on the user selectable manufactur- 
ing mask option, can be connected to these pins to 
provide a system clock source with various sta- 
bility/cost tradeoffs. Lead lengths and stray capacit- 
ance on these two pins should be minimized. Refer 
to 4.4 INTERNAL CLOCK GENERATOR OP- 
TIONS for recommendations concerning these in- 
puts. 


2.1.4. TIMER. In the input mode, the timer pin is con- 
nected to the prescaler input and serves as the timer 
clock. In the output mode, the timer pin signals that 
a time out of the timer has occurred. Refer to SEC- 
TION 3 TIMER for additional information. 


2.1.5. RESET. The RESET pin is used to restart the 
processor of the EF6804P2 to the beginning of a 
program. This pin, together with the MDS pin is also 
used to select the operating mode of the EF6804P2. 
If the MDS pin is at zero volts, the normal mode is 
selected and the program counter is loaded with the 
user restart vector. However, if the MDS pin is at 
+ 5 volts, then pins PA6 and PA7 are decoded to 
allow selection of the operating mode. Refer to 4.3 
RESET for additional information. 


2.1.6. MDS. The MDS (mode select) pin is used to 
place the MCU into special operating modes. If MDS 
is held at + 5 volts at the exit of the reset state, the 
decoded state of PA6 and PA7 is latched to deter- 
mine the operating mode (single-chip, self-check, or 
ROM verify). However, if MDS is held at zero volts 
at the exit of the reset state, the single-chip opera- 
ting mode is automatically selected (regardless of 
PA6 and PA7 state). 


EF6804P2 


~ 


For those users familiar with the EF6801 microcom- 
puter, mode selection is similar but much less com- 
plex in the EF6804P2. No special external diodes, 
switches, transistors, etc. are required in the 
EF6804P2. 


2.1.7. INPUT/OUTPUT LINES (PAO-PA7, PBO- 
PB7, PCO-PC3). These 20 lines are arranged into 
two 8-bit ports (A and B) and one 4-bit port (C). All 
lines are programmable as either inputs or outputs 
under software control of the data direction regis- 
ters. Refer to SECTION 5 INPUT/OUTPUT PORTS 
for additional information. 


2.2. MEMORY 


The MCU operates in three different memory 
spaces : program space, data space, and stack 
space. A representation of these memory spaces is 
shown in figure 2.1. The program space (figure 2.1a) 
contains all of the instructions that are to be exe- 
cuted, as well as the data required for the immedi- 
ate addressing mode instructions, and the self- 
check and user vectors. The data space (figu- 
re 2.1b) contains all of the RAM locations, plus I/O 
locations and some ROM used for storage of tables 
and constants. The stack space (figure 2.1c) con- 
tains RAM which is used for stacking subroutine and 
interrupt return addresses. 


The MCU is capable of addressing 4096 bytes of 
program space memory with its program counter 
and 256 bytes of data space memory with its instruc- 
tions. The data space memory contains three bytes 
for port data registers, three bytes for port data di- 
rection registers, one byte for timer status/control, 
64 bytes ROM, 32 bytes RAM (which includes two 
bytes for XP and YP indirect registers), two bytes for 
timer prescaler and count registers, and one byte 
for the accumulator. The program space section in- 
cludes 288 bytes of self-check ROM, 1016 bytes 
program ROM, and eight bytes of vectors for self- 
check and user programs. 


2.3. CENTRAL PROCESSING UNIT 


The CPU of the EF6804 Family is implemented in- 
dependently from the I/O or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with I/O and 
memory via internal addresses, data, and control 
buses. 
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Figure 2.1 : EF6804P2 MCU Address Map. 


a) Program Space Memory Map b) Data Space Memory Map 


Port A Data Register 
Reserved (All Ones) 
Port B Data Register 
papaya yay Port C Data Reg. 
Port A Data Direction Register 
Port B Data Direction Register 
Program ROM betes dese Port C DDR 
SFF7 Not Used 


Self Check IRO Vector SFFE-SFF9 
Self C aaa Venor SFEA-SEFB Timer Status Control Register 


User Data Space ROM 
c) Stack Space Memory Map 


Future Expansion 


Indirect Register X 
Indirect Register Y 


Data Space RAM 


Future Expansion 


Prescaler Register 
Timer Count Register 
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2.4. REGISTERS 


The EF6804 Family CPU has four registers and two 
flags available to the programmer. They are shown 


Figure 2.2 : Programming Model. 


7 
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in figure 2.2 and are explained in the following para- 
graphs. 


0 


These Are 7 ) 
Registers Indirect 
In Data XP Register X 
Space RAM 
7 6) 
Indirect 
11 87 0 
Program 
Bey ia Counter 
Normal Flags 


Interrupt Flags 


2.4.1. ACCUMULATOR (A). The accumulator is an 
8-bit general purpose register used in all arithmetic 
calculations, logical operations, and data manipula- 
tions. The accumulator is implemented as the hig- 
hest RAM location (SFF) in data space and thus 
implies that several instructions exist which are not 
explicitly implemented. Refer to 6.3 IMPLIED INS- 
TRUCTIONS for additional information. 


2.4.2. INDIRECT REGISTERS (XP, YP). These two 
indirect registers are used to maintain pointers to 
other memory locations in data space. They are 
used in the register-indirect addressing mode, and 
can be accessed with the direct, indirect, short di- 
rect, or bit set/clear addressing modes. These re- 
gisters are implemented as two of the 32 RAM 
locations ($80, $81) and as such generate implied 
instructions and may be manipulated in a manner 
similar to any RAM memory location in data space. 
Refer to 6.3. IMPLIED INSTRUCTIONS for addi- 
tional information. 


2.4.3. PROGRAM COUNTER (PC). The program 
counter is a 12-bit register that contains the address 
of the next ROM word to be used (may be opcode, 
operand, or address of operand). The 12-bit pro- 
gram counter is contained in PCL (low byte) and 
PCH (high nibble). 


2.4.4. FLAGS (C, Z). The carry (C) bit is set on a 
carry or a borrow out of the ALU. It is cleared if the 
result of an arithmetic operation does not result ina 
carry or a borrow. The (C) bit is also set to the value 
of the bit tested in a bit test instruction, and partici- 
pates in the rotate left instruction. 


The zero (Z) bit is set if the result of the last arith- 
metic or logical operation was equal to zero, other- 
wise it is cleared. 


There are two sets of these flags, one set is for in- 
terrupt processing, the other for all other routines. 
When an interrupt occurs, a context switch is made 
from the program flags to the interrupt flags (inter- 
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rupt mode). An RTI forces the context switch back 
to the program flags (program mode). While in either 
mode, only the flags for that mode are available. 
Further, the interrupt flags will not be cleared upon 
entering the interrupt mode. Instead, the flags will 
be as they were at the exit of the last interrupt mode. 
Both sets of flags are cleared by reset. 


2.4.5. STACK. There is a true LIFO stack incorpor- 
ated in the EF6804P2 which eliminates the need for 
a stack pointer. Stack space is implemented in sepa- 
rate RAM (12-bits wide) shown in figure 2-1c. When- 
ever a subroutine call (or interrupt) occurs, the 


contents of the PC are shifted into the top register 
of the stack. At the same time (Same cycle), the top 
register is shifted to the next level deeper. This hap- 
pens to all registers with the bottom register falling 
out the bottom of the stack. 


Whenever a subroutine or interrupt return occurs, 
the top register is shifted into the PC and all lower 
registers are shifted up one level higher. The stack 
RAM is four levels deep. If the stack is pulled more 
than four times without any pushes, the address that 
was stored in the bottom level will be shifted into the 
PC. 
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SECTION 3 
TIMER 


3.1. INTRODUCTION 


A block diagram of the EF6804P2 timer circuitry is 
shown in figure 3.1. The timer logic in the MCU is 
comprised of a simple 8-bit counter (timer count re- 
gister, TCR) with a 7-bit prescaler, and a timer 
status/control register (TSCR). The timer count re- 
gister, which may be loaded under program control, 
is decremented towards zero by a clock input (pres- 
caler output). The prescaler is used to extend the 
maximum interval of the overall timer. The prescaler 
tap is selected by bits 0-2 (PSO-PS2) of the timer 
status/control register. Bits PSO-PS2 control the ac- 
tual division of the prescaler within the range of 
divide-by-1 (2°) to divide-by-128 (2’). The timer 
count register (TCR) and prescaler are de- 
cremented on rising clock edges. The coding of the 
TCSR PSO-PS2 bits produce a division in the pres- 
caler as shown in table 3.1. 


Table 3.1 : Prescaler Coding Table. 


rsa [psi [pso[ divide By 


“sa += = 4 OO OO OO 
=—- Of-Oo0O-- 0-0 


EF6804P2 


The TIMER pin may be programmed as either an 
input or an output depending on the status of TOUT 
(TSCR bit 5). Refer to figure 3.1. In the input mode, 
TOUT is a logic zero and the TIMER pin is con- 
nected directly to the prescaler input. Therefore, the 
timer prescaler is clocked by the signal applied from 
the TIMER pin. The prescaler then divides its clock 
input by a value determined by the coding of the 
TSCR bits PSO-PS2 as shown in table 3.1. The 
divided prescaler output then clocks the 8-bit timer 
count register (TCR). When the TCR is de- 
cremented to zero, it sets the TMZ bit in the timer 
status/control register (TSCR). The TMZ bit can be 
tested under program control to perform a timer 
function whenever it goes high. The frequency of the 
external clock applied to the TIMER pin must be less 
than tbyte (fosc/48). 


In the output mode, TOUT is a logic one and the 
TIMER pin is connected to the DOUT latch. There- 
fore, the timer prescaler is clocked by the internal 
sync pulse (divide-by-48 of the internal oscillator). 
Operation is similar to that described above for the 
input mode. However, in the output mode, the low- 
to-high TMZ bit transition is used to latch the DOUT 
bit of the TSCR and provide it as output for the 
TIMER pin. 


NOTE: 


TMZ is normally set to logic one when the timer 
times out (TCR decrements to $00) ; however, it 
may be set by a write of $00 to the TCR or by awrite 
to bit 7 of the TSCR. 
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During reset, the timer count register and prescaler 
are set to $FF, while the timer status/control regis- 
ter is cleared to $00 and the DOUT LATCH (TIMER 
pin is in the high-impedance input mode) is forced 
to a logic high. The prescaler and timer count regis- 
ter are implemented in data space RAM locations 
(SFD, $FE) ; therefore, they are both readable and 
writeable. A write to either will predominate over the 
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TCR decrement-to-$00 function ; i.e., if a write and 
a TCR decrement-to-$00 occur simultaneously, the 
write will take precedence, and the TMZ bit is not 
set until the next timer time out. 


3.2. TIMER REGISTERS 
3.2.1. Timer Count Register (TCR) 


a) 


LSB 


TSCR Address = $FE 


The timer count register indicates the state of the in- 
ternal 8-bit counter. 


7 6 5 


4 
UT DOUT 


3.2.2. TIMER STATUS/CONTROL REGISTER 
(TSCR) 


3 2 1 0 


TSCR Address = $09 


b7, TMZ Low-to-high transition indicates the 
timer count register has de- 
cremented to zero since the timer 
status/control register was last read. 
Cleared by a read of TSCR register 


if TMZ was read as a logic one. 
b6 Not used. 


b5, TOUT When low, this bit selects the input 
mode for the timer. When high, the 
output mode is selected. 


Data sent to the timer output pin 
when TMZ is set high (output mode 
only). 


b4, DOUT 


oO 


MSB 


b3, PSI Used to initialize the prescaler and 
inhibit its counting while PSI = 0. The 
initialized value is set to $FF. The 
timer count register will also be in- 
hibited (contents unchanged). 

When PSI = 1 the prescaler begins 


to count downward. 


bO, b1, b2 These bits are used to select the 

PSO-PS1-PS2 prescaler divide-by ratio ; therefore, 
effecting the clock input frequency 
to the timer count register. 


3.2.3. TIMER PRESCALER REGISTER 


© 


LSB 


TPR Address = $FD 


The timer prescaler register indicates the state of 


the internal 7-bit prescaler. This 7-bit prescaler 


divide ratio is normally determined by bits PSO-PS2 
of the timer status/control register (see table 3.1). 
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SECTION 4 


INTERRUPT, SELF-CHECK, RESET, AND IN- 
TERNAL CLOCK GENERATOR 


4.1. INTERRUPT 


The EF6804P2 can be interrupted by applying a 
logic low signal to the IRQ pin ; however, a mask op- 
tion selected at the time of manufacture determines 
whether the negative-going edge or the actual low 
level is sensed to indicate an interrupt. 


4.1.1. EDGE-SENSITIVE OPTION. When the IRQ 
pin is pulled low, the internal interrupt request latch 
is set. Prior to each instruction fetch, the interrupt re- 
quest latch is tested and, if its output is high, an in- 
terrupt sequence is initiated at the end of the current 
instruction (provided the interrupt mask is cleared). 
Figure 4.1 contains a flowchart which illustrates both 
the reset and interrupt Sequence. The interrupt se- 
quence consists of one cycle during which : the in- 
terrupt request latch is cleared, the interrupt mode 
flags are selected, the PC is saved on the stack, the 
interrupt mask is set, and the IRQ vector (single 

chip mode = $FFC/$FFD, self-check mode = $FF8/ 
$FF9) is loaded into the PC. Internal processing of 
the interrupt continues until an RTI (return from in- 
terrupt) instruction is processed. During the RTI in- 
struction, the interrupt mask is cleared and the 
program mode flags are selected. The next instruc- 
tion of the program is then fetched and executed. 
Once the interrupt was initially detected and the in- 
terrupt Sequence started, the interrupt request latch 
is cleared so that the next (Second) interrupt may be 
detected even while the previous (first) one is being 
serviced. However, even though the second inter- 
rupt sets the interrupt request latch during proces- 


sing of the first interrupt, the second interrupt 
sequence will not be initiated until completion of the 
interrupt service routine for the first interrupt. Com- 
pletion of an interrupt service routine is always ac- 
complished using an RTI instruction to return to the 
main program. The interrupt mask (which is not di- 
rectly available to the programmer) is cleared during 
the last cycle of the RTI instruction. 


4.1.2. LEVEL-SENSITIVE OPTION. The actual 
operation of the level-sensitive and edge-sensitive 
options are similar except that the level-sensitive op- 
tion does not have an interrupt request latch. With 
no interrupt request latch, the logic level of the IRQ 
pin is checked for detection of the interrupt. Also, in 
the interrupt sequence, there is no need to clear the 
interrupt request latch. These differences are illus- 
trated in the flowchart of figure 4.1. 


4.1.3. POWER UP AND TIMING. During the power- 
up sequence the interrupt mask is set to preclude 
any false or "ghost" interrupts from occurring. To 
clear the interrupt mask, the programmer should 
write a JSR (instead of a JMP) instruction to an in- 
itialization routine as the first instruction in a pro- 
gram. The initialization routine should end with an 
RTI (instead of RTS). Maximum interrupt response 
time is eight machine (tbyte) cycles (see 4.4 INTER- 
NAL CLOCK GENERATOR OPTIONS). This in- 
cludes five machine cycles for the longest 
instruction, plus one machine cycle for stacking the 
PC and switching flags, plus two machine cycles for 
synchronization of the IRQ input with the internal 
clock. Minimum response time is one machine cycle 
for stacking PC and switching flags (see 2.4.4 Flags 
(C, 2)). 
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Figure 4.1 : Reset and Interrupt Processing Flowchart. 
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4.2. SELF-CHECK 


The self check capability of the EF6804P2 MCU pro- 
vides an internal check to determine if the part is 
functional. A schematic diagram of the self-check 
connections is shown in figure 4.2. To perform a 
functional check of the MCU, connect it as shown in 
figure 4.2a and monitor the LEDs for a 00100 ($04) 
pattern on port A. To initiate a ROM self-check of 
the memory simply connect the circuit as shown in 
figure 4.2b and check that the "good" LED turns on 
to indicate a good memory. The ROM verify uses a 
cyclical redundancy check (CRC) to conduct a ROM 
check by means of signature analysis circuit. This 
circuit consists of two 8-bit shift registers configured 
to perform the check using the CCITT polynominal. 


4.3. RESET 


The MCU can be reset in two ways : by initial power 
up (see figure 4.1) and by the external reset input 
(RESET). During power up, a delay of tRHL is 
needed before allowing the RESET input to go high. 
This time delay allows the internal clock generator 
to stabilize. Connecting a capacitor and resistor to 
the RESET input, as shown in figure 4.3, typically 
provides sufficient delay. 
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4.4. INTERNAL CLOCK GENERATOR OP- 
TIONS 


The internal clock generator circuit is designed to 
require a minimum of external components. A crys- 
tal, a resistor-capacitor, or an external signal may 
be used to generate a system clock with various sta- 
bility/cost tradeoffs. A manufacturing mask option is 
required to select either the crystal oscillator or the 
RC oscillator circuit. The different clock generator 
option connection methods are shown in figure 4.4, 
crystal specifications and suggested PC board 
layouts are given in figure 4.5, resistor-capacitor se- 
lection graph is given in figure 4.6, and a timing dia- 
gram is illustrated in figure 4.7. The crystal oscillator 
Startup time is a function of many variables : crystal 
parameters (especially Rs), oscillator load capaci- 
tance (CL), IC parameters, ambient temperature, 
and supply voltage. To ensure rapid oscillator start- 
up, neither the crystal characteristics nor the load 
capacitance should exceed recommendations. 


The oscillator output frequency is internally divided 
by four to produce the internal 01 and 2 clocks. The 
o1 clock is divided by twelve to produce a machine 
byte (cycle) clock. A byte cycle is the smallest unit 
needed to execute any operation (i.e., increment the 
program counter). An instruction may need two, 
four, or five byte cycles to execute. 
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Figure 4.2 : Self-Check Circuit. 
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* Used with crystal option only. (b) Simple ROM Verify Check 
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Figure 4.3 : Power-Up Reset Delay Circuit. 


Part Of 
EF6804P2 
MCU 


Figure 4.4 : Clock Generator Options. 
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Figure 4.5 : Crystal Motional Arm Parameters and Suggested PC Board Layout. 


(a) Crystal Parameters 


Crystal Parameters 

AT - Cut Parallel Resonance Crystal 

Co = 7pF Maximum 

Freq = 11MHz 

Rs = 50Q Maximum 
Piezoelectric ceramic resonators which have the 
equivalent specifications may be used instead of 
crystal oscillators. Follow ceramic resonator manu- 
facturer’s suggestions for Co, C1, and Rs values. 


Note : Keep crystal leads and circuit connections as short as possible. 


Figure 4.6 : Typical Frequency Selection For Resistor-Capacitor Oscillator Option (CL = 17pF). 
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Figure 4.7 : Clock Generator Timing Diagram. 


a) Oscillator - @1-@2 Timing 
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b) @1-Sync. Timing 
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SECTION 5 
INPUT/OUTPUT PORTS 


5.1. INPUT/OUTPUT 


There are 20 input/output pins. All pins (port A, B, 
and C) are programmable as either inputs or out- 
puts under software control of the corresponding 
data direction register (DDR). The port I/O pro- 
gramming is accomplished by writing the cor- 
responding bit in the port DDR to a logic one for 
output or a logic zero for input. On reset, all the 
DDRs are initialized to a logic zero state to put the 
ports in the input mode. The port output registers 
are not initialized on reset but should be initialized 


Figure 5.1 : Typical I/O Port Circuitry. 
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before changing the DDR bits to avoid undefined le- 
vels. When programmed as outputs, the latched 
output data is readable as input data, regardless of 
the logic levels at the output pin due to output load- 
ing ; see figure 5-1. All input/output pins are LSTTL 
compatible as both inputs and outputs. In addition, 
all three ports may have one of two mask options : 
1) internal pullup resistor for CMOS output compati- 
bility, or 2) open drain output. The address map in 
figure 2-1 gives the address of data registers and 
DDRs. The register configuration is discussed under 
the registers paragraph below and figure 5.2 pro- 
vides some examples of port connections. 
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Figure 5.2 : Typical Port Connections. 
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SN74LS04 
or 
MC14069 
(Typical) 


SN74LS04 
(Typical) 


v7; 
vy 


LSTTL Driving Port A Directly CMOS or LSTTL Driving Port B Directly 


MC 14069 (CMOS Loads) 


(Typical) 


(1 LSTTL Load) 


SN74LS04 
(Typical) 


Port A, bit 7 programmed as output, driving 
CMOS and LSTTL Driving Port C Directly CMOS loads and bit 4 driving one LSTTL load 
directly (using CMOS output option) 


Pca 
CMOS 
PC2 I s10es Inverter 


oh) MC14049/MC 14069 
(Typical) 


Port C open drain option, with bits 0-3 pro- 
grammed as output, driving CMOS load via 
wired-ORed configuration. 


Port B, bit 0, and bit 1 programmed as output, 
driving LEDs directly. 
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The latched output data bit (See figure 5.1) may al- 
ways be written. Therefore, any write to a port writes 
to all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data re- 
gisters and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions since the data read corresponds to the 
pin level if the DDR is an input (0) and corresponds 
to the latched output data when the DDR is an out- 
put (1). The 20 bidirectional lines may be configured 
by port to be LSTTL (standard configuration), 
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LSTTL/CMOS (mask option), or open drain (mask 
option). Port B outputs are LED compatible. 


NOTE : 


The mask option only allows changes by port. For 
example, if the customer wishes PA7 to be open 
drain, then PAO-PA7 must all be open drain. 


5.2. REGISTERS 


The registers described below are implemented as 
RAM locations and thus may be read or written. 


0 
LSB 


Port A Address = $00 
Port B Address = $01 
Port C Address = $02 (bits 0-3) 


5.2.1. PORT DATA REGISTER 


The source of data read from the port data register 

will be the port I/O pin or previously latched output 

data depending upon the contents of the corres- 

ponding data direction register (DDR). The destina- 
7 


MSB 


tion of data written to the port data register will be 
an output data latch. If the corresponding data di- 
rection register (DDR) for the port I/O pin is pro- 
grammed as an output, the data will then appear on 
the port pin. 


0) 
LSB 


Port A Address = $04 
Port B Address = $05 
Port C Address = $06 (bits 0-3) 


5.2.2. PORT DATA DIRECTION REGISTER 


The port DDRs configure the port pins as either in- 
puts or outputs. Each port pin can be programmed 
individually to act as an input or an output. A zero in 


the pins corresponding bit position will progran that 
pin as an input while a one in the pins correspon- 
ding bit position will program that pin as an output. 
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SECTION 6 
SOFTWARE AND INSTRUCTION SET 


6.1. SOFTWARE 


6.1.1. BIT MANIPULATION. The EF6804P2 MCU 
has the ability to set or clear any register or single 
random access memory (RAM) writable bit with a 
single instruction (BSET, BCLR). Any bit in data 
space, including ROM, can be tested, using the 
BRSET and BRCLR instructions, and the program 
may branch as a result of its state. The carry bit 
equals the value of the bit referenced by BRSET or 
BRCLR. A rotate instruction may then be used to 
accumulate serial input data in a RAM location or 


Figure 6.1 : Bit Manipulation Example. 


6.1.2. ADDRESSING MODES. The EF6804P2 
MCU has nine addressing modes which are ex- 
plained briefly in the following paragraphs. The 
EF6804P2 deals with objects in three different ad- 
dress spaces : program space, data space, and 
stack space. Program space contains the instruc- 
tions which are to be executed, plus the data for im- 
mediate mode instructions. Data space contains all 
of the RAM locations, XP and YP registers, accu- 
mulator, timer, I/O locations, and some ROM (for 
storage of tables and constants). Stack space con- 
tains RAM for use in stacking the return addresses 
for subroutines and interrupts. 

The term "Effective Address” (EA) is used in des- 
cribing the address modes. EA is defined as the ad- 
dress from which the argument for an instruction is 
fetched or stored. 


6.1.2.1. Immediate. 


In the immediate addressing mode, the operand is 
located in program ROM and is contained in a byte 


register. The capability to work with any bit in RAM, 
ROM or I/O allows the user to have individual flags 
in RAM or to handle I/O bits as control lines. 


The coding example in figure 6.1 illustrates the use- 
fulness of the bit manipulation and test instructions. 
Assume that the MCU is to communicate with an 
external serial device. The external device has a 
data ready signal, a data output line, and aclock line 
(to clock data one bit at a time, MSB first, out of the 
device). The MCU waits until the data is ready, 
clocks the external device, picks up the data in the 
carry flag (C bit), clears the clock line, and finally ac- 
cumulates the data bit in the accumulator. 


SELF BRSET 2, PORTA, SELF 


BSET 1,PORTA 

BRCLR 0, PORTA, CONT 
CONT BCLR- 1,PORTA 

ROLA 


following the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 


6.1.2.2. Direct. 


In the direct addressing mode, the effective address 
of the argument is contained in a single byte follo- 
wing the opcode byte. Direct addressing allows the 
user to directly address the 256 bytes in data space 
memory with a single two-byte instruction. 


6.1.2.3. Short Direct. 


The MCU also has four locations in data space RAM 
($80, $81, $82, $83) which may be used in a short- 
direct addressing mode. In this mode the opcode 
determines the data space RAM location, and the 
instruction is only one byte. Short direct addressing 
is a subset of the direct addressing mode. (The XP 
and YP registers are at locations $80 and $81 re- 
spectively). 
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6.1.2.4. Extended. 


In the extended addressing mode, the effective ad- 
dress is obtained by concatenating the four least si- 
gnificant bits of the opcode (12-bit address). 
Instructions using the extended addressing mode 
(JMP, JSR) are capable of branching anywhere in 
program space. An extended addressing mode ins- 
truction is two bytes long. 


6.1.2.5. Relative. 


The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, 
that address is formed by adding the sign extended 
lower five bits of the opcode (the offset) to the pro- 
gram counter if and only if the condition is true. 
Otherwise, control proceeds to the next instruction. 
The span of relative addressing is from - 15 to + 16 
from the opcode address. The programmer need 
not worry about calculating the correct offset when 
using the assembler since it calculates the proper 
offset and checks to see if itis within the span of the 
branch. 


6.1.2.6. Bit Set/clear. 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte follo- 
wing the opcode specifies the direct address of the 
byte in which the specified bit is to be set or cleared. 
Thus, any bit in the 256 locations of data space 
memory, which can be written to, can be set or 
cleared. 


6.1.2.7. Bit Test And Branch. 


The bit test and branch addressing mode is a com- 
bination of direct addressing and relative addres- 
sing. The bit and condition (set or clear) which is to 
be tested is included in the opcode, and the data 
space address of the byte to be tested is in the single 
byte immediately following the opcode byte. The 
third byte is sign extended to twelve bits and 
becomes the offset added to the program counter if 
the condition is true. The single three-byte instruc- 
tion allows the program to branch based on the con- 
dition of any bit in data space memory. The span of 
branching is from - 125 to + 130 from the opcode 
address. The state of the tested bit is also trans- 
ferred to the carry flag. 
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6.1.2.8. Register-indirect. 


In the register-indirect addressing mode, the ope- 
rand Is at the address (in data space) pointed to by 
the contents of one of the indirect registers (X or Y). 
The particular X or Y register is selected by bit 4 of 
the opcode. Bit 4 of the opcode is then decoded into 
an address which selects the desired X or Y regis- 
ter (680 or $81). A register-indirect instruction is one 
byte long. 


6.1.2.9. Inherent. 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in 
the opcode. These instructions are one byte long. 


6.2. INSTRUCTION SET 


The EF6804P2 MCU has a set of 42 basic instruc- 
tions which when combined with nine addressing 
modes produce 242 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 


6.2.1. REGISTER/MEMORY INSTRUCTIONS. 
Most of these instructions use two operands. One 
operand is the accumulator and the other operand 
is obtained from memory using one of the addres- 
sing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no re- 
gister operands. Refer to table 6.1. 


6.2.2. READ-MODIFY-WRITE INSTRUCTIONS. 
These instructions read a memory location or a re- 
gister, modify or test its contents, and write the modi- 
fied value back to memory or to the register. There 
are ten instructions which utilize read-modify-write 
cycles. All INC and DEC forms along with all bit 
manipulation instructions use this method. Refer to 
table 6.2. 


6.2.3. BRANCH INSTRUCTIONS. The branch ins- 
tructions cause a branch from the program when a 
certain condition is met. Refer to table 6.3. 


6.2.4. BIT MANIPULATION INSTRUCTIONS. 
These instructions are used on any bit in data space 
memory. One group either sets or clears. The other 
group performs the bit test branch operations. Refer 
to table 6.4. 
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SPECIAL NOTES 

In Short-Direct addressing, the LDA mnemonic represents opcode AC, AD, AE, and AF. This is equivalent to RAM locations $80 (AC), $81 (AD), $82 (AE), and $83 (AF) 
In Short-Direct addressing, the STA mnemonic represents opcode BC, BD, BE, and BF This ts equivalent to RAM locations $80 (BC), $81 (BD), $82 (BE), and $83 (BF). 
In Extended addressing, the four LSBs of the opcode (Mnemonic JSR and JMP) are formed by the four MSBs of the target address. (TAR) 
In Immediate addressing, the LDXI and LDYI are mnemonics which are recognized as follows: 

LDXI=MVI_ $80,data ; 

LDYI=MVI $81,data Where data is a one-byte hexadecimal number. 
5. The MVI instruction refers to both Immediate and Direct addressing. 
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Table 6.2 : Read-modify-write Instructions. 


Addressing Modes a 
| indirect Short-direct 


ctu aerciges <a 

BoCude Special 
[nl eel Sale lea 
INC 
increment fica] | | | fret 2 | 4 | | UT 
jincrementxp ss tncx| =| | | Tt lt | | 
Ninetement PE 82 NOV ee a 
Decrement Memory Location] DEC [e7|F7{ 1 | 4 | FF] 2 | 4 [pee] 1 | 4 | 24 
[DecrementA ss foecay, S| | | tre | 2 | 4 || 
Decrement XP pOeeX |e eee 
Decrement YP POs Fe ee heer Oe EA nd 


SPECIAL NOTES: 1.In Short-direct addressing, the INC mnemonic represents opcode A8, AQ, AA, and AB. These are equivalent to RAM 
locations $80 (A8), $81 (A9), $82 (AA), and $83 (AB). 
2 In Short-direct addressing, the DEC mnemonic represents opcode B8, B9, BA, and BB. These are equivalent to RAM 
locations $80 (B8), $81 (B9), $82 (BA), and $83 (BB). 
3.In Indirect addressing, the INC mnemonic represents opcode E6 or F6, and causes the location pointed to by XP (E6 
opcode) or YP (F6 opcode) to be incremented. 
4.In Indirect addressing, the INC mnemonic represents opcode E7 or F7, and causes the location pointed to by XP (E7 
opcode) or YP (F7 opcode) to be incremented. 


Table 6.3 : Branch Instructions. 


Relative Addressing Mode fi, oe dl 


Special 
Notes 


Branch if Equal BEQ 


SPECIAL NOTES: 1 Each mnemonic of the Branch Instructions covers a range of 32 opcodes, e.g , BCC ranges from 40 through 5F. The 
actual memory location (target address) to which the branch is made is formed by adding the sign extended lower five 
bits of the opcode to the contents of the program counter. 

2 The BHS instruction (shown in parentheses) is identical to the BCC instruction. The C bit is clear if the register was 
higher or the same as the location in the memory to which it was compared 

3.The BLO instruction (shown in parentheses) is identical to the BCS instruction The C bit is set if the register was lower 
than the location in memory to which it was compared. 
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Table 6.4 : Bit Manipulation Instructions. 


Addressing Modes iia 
Bit Set/clear Bit Test and Branch 


Special 
# # # # 
N 


Function 


Set Bit n BSET n (n = 0.....7) 


fereef etal | 


BGLAn (na0..7) [bo«n] 2 | 4 | [||| _1 


SPECIAL NOTE : 


1 The opcode is formed by adding the bit number (0-7) to the basic opcode. For example . to clear bit six using the BSET6 


instruction the opcode becomes DE (D8 + 6) ; BCLR5 becomes (CO + 5), etc. 


6.2.5. CONTROL INSTRUCTIONS. The control in- 
structions control the MCU operations during pro- 
gram execution. Refer to table 6-5. 


6.2.6. ALPHABETICAL LISTING. The complete in- 
struction set is given in alphabetical order in table 6- 
6. There are certain mnemonics recognized by the 


6.3. IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are lo- 
cated in RAM many implied instructions exist. The 
assembler-recognized implied instructions are 
given in table 6-6. Some examples not recognized 
by the assembler are shown below. 


assembler and converted to other instructions. The BCLR, 7 $FF Ensures accumulator is plus 
fact that all registers and accumulator are in RAM BSET, 7 $FF Ensures accumulator is minus 
allows many implied instructions to exist. The im- BRCLR, 7$FF Branch iff accumulator is plus 
plied instructions recognized by the assembler are BRSET, 7$FF Branch iff accumulator is minus 
identified in table 6-6. BRCLR, 7$80 Branch iff X is plus (BXPL) 
6.2.7. OPCODE MAP SUMMARY. Table 6-7 con- BRSET, 7 $80 Branch iff X is minus (BXMI) 
tains an opcode map for the instructions used on the BRCLR, 7$81 Branch iff Y is plus (BYPL) 
MCU. BRSET, 7$81 Branch iff Y is minus (BYMI) 


Table 6.5 : Control Instructions. 


Addressing Modes fol 


S ial 
Function Op # # Op # # Op # # ete 
code | Bytes |Cycles| code | Bytes |Cycles; code | Bytes |Cycles 
Transfer AtoXP | TAX | BC | 1 | 4 | | 
Transfer AtoYP | TAY | BD | 1 | 4 | | 


ees cee ee ee ee ee 
Fa ae |e Sree [oan eee | 


1.The NOP instruction is equivalent to a branch if equal (BEQ) to the location designated by PC + 1 


| 

oa 

— 
as [___ eel 
J a 
il ae ap 


SPECIAL NOTE : 
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Table 6.6 : Instruction Set. 


Addressing Modes 


Bit/set | Bit-test | Register : 


pw fa 
a 

ico} 
oO 47) 


|8EQ a x 
peHs | Assemblerconvertsthsto"acoey | | CT fw 
sco | CT Assembler converts thsto "acs" | | CT | 
NE na ee, ee 
BCU ee) 
DOE ewe Sle eet alll eg eee le se ato ee Oa 
peseT | | 
|pcLRA | | Assembler converts thisto"sup ser’ | | | | 8 | 
pcurx | | Assembler converts thistoMvizo sao. | | Tt 
poury | | Assembler converts thistomviza ser, | | | Te | 
CMP eM Ee 8 Se 

COW eee Me Me eee eee se ee i elt ed ee SW et 

X X X 

poecA | | Assembler converts thisto Dec sre’ | | Tl | 
jbecx | | Assemblerconverts this to DEC so" | | Tl 
jbecy | | Assembler converts ths toDec sem" | | | 
i aaa Gana Sm (BS al FS ae a ee a ee eee 
pinca {| | Assembler converts thsto"inc srr. | | TL | 


Oo 
m 
(>) 
> |>|>|>|>)> > 


> 


rincx [|_| | Assembler comers tis io"WNC se" Si Si id ed 
rey [fd ssombter comers tis nc se fd eT 
Pi Nee Ne ee ie ee ie ee = dere 
eet eee i I er 
MO ie ee a ee ee 
ST 
Civ, | |__| Assembler comersthsto"wvi baa ser” [ | + itede/ 
foie oe Se Ae Se 
ruor | +i S*dtCCsseribier comers nso BEPC) | SCs Sidi 
SRO eat a see es ee Yee ae 
Erie Re We ee ee Ue Ces Satie) 
iiss eta ee eee 
Fe Gam CP (RO Pea eae Dm a a a ICE 
ii me i ee 
ctx [OC~C~C~*~“t*~*S*S*C con STAG CCSCSC*~“‘“‘CSCC#dC ‘Cd @ | 
5 A 0 
Trea [SSS er converts st LDA SET ——CSC~C“‘“‘CS;CSCSC™S*~S~C‘ le | 
Diva seer covers iso UDA Se ——SSSSCSCSCSCSCS~CS rv | 


Flag Symbols Z = Zero. C = Carry/Borrow. A = Test and Set if True, Cleared Otherwise, * = Not Affected 
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ica 6.7 : EF6804P2 Microcomputer Instruction Set Opcode Map. 


prenen memuetons 


oar ai Sadi ist ee eins aici 01 : 0 off 11 


1 hee areata ite 1 


A BNE BNE BEQ BEQ BCC BCC BCS BCS 
1010 
2 2 2 
{ HF 01 


Abbreviations for Address Modes EXT Extended 
INH Inherent REL Relative 
$-D Short Direct BSC _ Bit Set/Clear 
B-T-B Bit Test and Branch R-IND Register Indirect 
IMM Immediate * Indicates Instruction Reserved for Future Use 
DIR Direct Indicates Illegal Instruction 
a _______________ fj SGs-THoMson 
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Table 6.7 : (continued). 
Register/memory, Control, and Bit Manipulation Register/memory and 
Hesumoctywte nstruerons eruptions. i aa 
he ne ae fai G6 fi ‘aa Lal 
EXT| 2 B-T-B BSC R-IND R-IND 0000 
B-T-B BSC R-IND R-IND 000% 
2 INH B-T-B BSC R-IND R-IND 0010 
net 
2 INH B-T-B BSC R-IND R-IND 
2 INH B-T-B BSC R-IND R-IND ot0c 
2 INH B-T-B BSC R-IND R-IND 
SC 
SC 
SC 


2 B-T-B B R-IND R-IND or10 

B-T-B B R-IND R-IND ot 
4 

2 1 S-D B-T-B B 1000 
4 

cs 1 S-D B-T-B ‘001 

S-D 
DEC 


(j=) 
pare 
oO 
4 


4 
2 1 3 B-T-B}] 2 BSC 10 ‘ 
4 5 
BRSET3 ” BSET3 
1 S-D 3 B-T-B}] 2 BSC 1011 
4 5 4 
STA BRSET4 BSET4 
aa 
1 S-D 3 B-T-B] 2 BSC 
4 5 4 
STA BRSET5 BSET5 
1 i 
1 S-D 3 B-T-B| 2 =e 


2 
2 
EXT 2 
2 
2 


4 
BRSET6 " BSET6 


me 
S-D B-T-B| 2 


$-D B-T-B] 2 


Opcode in Hexadecimal 


Pp fa 


1 


ep) 
tir 
> 


Cycles 
Mnemonic 
Bytes 


Opcode in Binary 
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SECTION 7 
ELECTRICAL SPECIFICATIONS 


7.1. INTRODUCTION 
This section contains the electrical specifications and associated timing for the EF6804P2. 


7.2. ABSOLUTE MAXIMUM RATINGS 


i ieee | Supply Voltage — 0.3 to + 7.0 
a Input Voltage — 0.3 to + 7.0 


T stg Storage Temperature Range — 55 to + 150 


Vcc 
Vin 
Ta 
T, Junction Temperature Range °C 
150 
150 


Plastic 

PLCC 
This device contains circuitry to protect the inputs against damage due to high Static voltages of electric fields , however, it is advised 
that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance cir- 
cuit. For proper operation it is recommended that Vin and Vour be constrained to the range Vss < (Vin Or Vout) < Vec Reliability of oper- 
ation is enhanced if unused inputs except EXTAL are connected to an appropriate logic voltage level (e g., either Vss or Vcc). 


Operating Temperature Range 
Standard or L Suffix 


V Suffix 
T Suffix 


7.3. THERMAL DATA 


Thermal Resistance 
Plastic 
PLCC 


Figure 7.1 : LSTTL Equivalent Test Load (port B). Figure 7.2 : CMOS Equivalent Test Load 
(port A, B, C). 


1N919 Test Point 
or Equiv. 4k 


3 pF (Total) 
1N4148 | 


or Equiv 


Figure 7.3 : LSTTL Equivalent Test Load (port A, 
C, and TIMER). 


1N919 
or Equiv. 100 


1N4148 
or Equiv 
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7.4. POWER CONSIDERATIONS is configured to drive Darlington bases or sink LED 

The average chip-junction temperature, Tuy, in °C loads. 

can be obtained from : An approximate relationship between Pp and Ty (if 
Ty = Ta + (Pp* 0a) (1) Pport is neglected) is : 

Where : Pp =K+ (Ty + 273°C) (2) 
Ta = Ambient Temperature, °C Solving equations 1 and 2 for K gives - 
0 ya = Package Thermal Resistance, Junction- K = Pp: (TA+ 273°C) + 8 ya + Po (3) 
to-Ambient, “C/W Where K is a constant pertaining to the particular 
Pp = Pint + Prport part. K can be determined from equation 3 by 
Pint = Icc x Voc, Watts - Chip Internal Power measuring Pp (at equilibrium) for a known Ta. Using 
Pport = Port Power Dissipation, Watts - User this value of K the values of Pp and Ty can be ob- 
Determined tained by solving equations (1) and (2) iteratively for 


icati ny value of Ta. 
For most applications Prort< Pint and can be ne- i ede 


glected. Pport may become significant if the device 


7.5. ELECTRICAL CHARACTERISTICS 
(Voc = + 5.0Vdc + 0.5Vdc, Vsg = OVdc, T, = T, to Ty unless otherwise noted) 


Pint Internal Power Dissipation-No Port Loading T, =0°C 
Ta =— 40°C 


a! 
a 0 
aaa 


Input Capacitance 
Input Current (IRQ, RESET) 


7.6. SWITCHING CHARACTERISTICS 
(Voc = + 5.0Vdc + 0.5Vdc, Vsg = GND, Ta, = T, to Ty unless otherwise noted) 


‘symbol | ——~Parameter—SS~*~dSC 
T fose | Oscliator Femeny ——SSCSCi‘“‘“sS*S*~dSC 
[tn [Bttine SSS 
[oye | Byte CyceTime——OSCSC~“~S*~“‘~*~*~dC a Pits 
eo a 
i 
ast 


IRQ and TIMER Pulse Width 
RESET Pulse Width 
RESET Delay Time (external capacitance = 1.0uF) 
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7.7. PORT DC ELECTRICAL CHARACTERISTICS 
(Voc = + 5.0Vdc + 0.5Vdc, Vsg = GND, Ta, = T, to Ty unless otherwise noted) 


TIMER AND PORTS A AND C (standard) 


[symbot | —~—~S*~*~éarameter Sdn 
| Vor | OutputLow Voltage, teas =04mA | 
Vow | Output High Votiage, nose = 500A SS«dSC eA 
| Vu | InputHigh Voltage | ce | 
_ 
Hi-Z State Input Current 


PORTS A AND C (open drain) 


Input Low Voltage 
be clei 


ITS] Hi-Z State Input Current 


Open Drain Leakage (Vout = Vcc) 
PORTS A AND C (CMOS drive) 


[Symbol | Parameter | Mins | Unit_| 

Vou__| Output Low Voltage, toa =O.4mA (sink) | | 

| Vow | Output High Voltage, Ito =-10HA | Voontio | | 

| Vow | Output High Voltage, oas=-50HA | 2 | 

Vin I eed 

Vi eae Le 
a 


| Vn | Input High Voltage, ILoag =— 300NA Max. 
ae Input Low Voltage, ILoag =— 300LA Max. Vs 


Hi-Z State Input Current (Vin = 0.4V to Vcc) 
PORT B (standard) 


: 


Input High Voltage 
Input Low Voltage : 
Hi-Z State Input Current 
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7.7 PORT DC ELECTRICAL CHARACTERISTICS (continued) 
PORT B (open drain) 


Caen [rate [a 
Vo. | Oulput Low Voltage, how = toma —SSSSC«dSC(‘“‘(SC‘C*dL OCLC CS 
| Vow | cae Low Voltage, ILoag = 10mMA (sink) re See eee 
[Vin [inputHigh Voltage SSSSC~*idCSCiOTSS*YCce | 
vt a vate eg 
aaa MS: a 


PORTS B (CMOS drive) 


| Symbol | Parameter | Min.—|_Typ. | Max. | Unit | 
| Vou | Output Low Voltage, leas =10mA | TT | 
| Vor | Output High Voltage, toas = 1omA(sink) | | TT 
Vou | Output High Vottage, lose =- 10H SC~* Cet | CC 
Vow | Output High Voltage, ose =-100KA——S=«dYSCik]SdSSC*dSC 
[Vv | Input High Voltage, eas =~ 300A Max «=| SS*dSCee | 
F Vn [Input Low Voltage, leas == S00 Max. |= Vss_ “| Sd] Ce | 
Hi-Z State Input Current (Vin =0.4V to Vcc) P| = 300 || 
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PACKAGE MECHANICAL DATA 
28—-PINS — PLASTIC PACKAGE 


(1) Nominal dimension 
(2) True geometrical position 


28 puns 


28—PIN — FN SUFFIX PLCC 28 


Pin 1 identification 
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SECTION 8 
ORDERING INFORMATION 


8.1. INTRODUCTION 


The following information is required when ordering 
a custom MCU. The information may be transmitted 
to SGS-THOMSON in the following media : 
EPROM(s), 2716 or 2732 
EFDOS/MDOS* disk file 


To initiate a ROM pattem for the MCU, it is necessa- 
ry to first contact your local field service office, local 
sales person, or your local SGS-THOMSON repre- 
sentative. 


8.1.1. EPROMs. One 2716 or one 2732 type 
EPROM, programmed with the customer program 
(positive logic sense for address and data), may be 
submitted for pattern generation. Since all program 
and data space information will fit on one 2716 
EPROM, the EPROM must be programmed as fol- 
lows in order to emulate the EF6804P2 MCU : start 
the data space ROM at EPROM address $020 
and start program space ROM at EPROM ad- 
dress $400 and continue to memory space $7FF. 
All unused bytes, including the user’s space, 
must be set to zero, memory space $7F8 to $7FB 
is reserved for self-check vectors. When using 
one 2732 EPROM, the memory map shown in figure 
2-1 can be used. For shipment to SGS-THOMSON 
the EPROMs should be placed in a conductive IC 
carrier and packed securely. Do not use styrofoam. 


8.1.2. EFDOS/MDOS* DISK FILE. An EFDOS/ 
MDOS* disk, programmed with the customer pro- 
gram (positive logic sense for address and data) 
may be submitted for pattern generation. When 
using the EFDOS/MDOS‘ disk, include the entire 
memory image of both data and program space. 
All unused bytes, including the user’s space, 
must be set to zero. 


8.2. VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re- 
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica- 
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re- 
turned to SGS-THOMSON. The signed verification 
form constitutes the contractural agreement for 
creation of the customer mask. If desired, SGS- 
THOMSON will program a blank 2716, 2732, or 


EF6804P2 


EFDOS/MDOS* disk (supplied by the customer) 
from the data file used to create the custom mask 
to aid in the verification process. 


* Requires prior factory approval. 


8.3. ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customers ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi- 
ency they are usually unmarked, packaged in ce- 
ramic, and tested only at room temperature and five 
volts. These RVUs are included in the mask charge 
and are not production parts. These RVUs are not 
backed nor guaranteed by SGS- THOMSON Quality 
Assurance. 


8.4. FLEXIBLE DISKS 


The disk media submitted must be single-sided, 
single density, 8-inch, EFDOS/MDOS* compatible 
floppies. The customer must clearly label the disk 
with the ROM pattern file name. The minimum 
EFDOS/MDOS* system files as well as the absolute 
binary object file (file name. LO type of file) from the 
6804 cross-assembler must be on the disk. An ob- 
ject file made from a memory dump, using the ROL- 
LOUT command is also admissable. Consider 
submitting a source listing as well as : file name,. LX 
(DEVICE/EXORciser loadable format). This file will 
of course be kept confidential and is used 1) to 
speed up the process in house if any problems 
arises, and 2) to speed up our customer to factory 
interface if an user finds any software errors and 
needs assistance quickly from SGS-THOMSON 
factory representatives. 

MDOS* (fully compatible with EFDOS) is Motorola’s 
Disk Operating System available on development 
systems Such as EXORcisers, EXORsets, etc. 
EFODS is SGS- THOMSON Disk Operating System 
available on development systems such as DE- 
VICE/EXOR... 

Whenever ordering a custom MCU is required, 
please contact your local SGS-THOMSON repre- 
sentative or SGS-THOMSON distributor and/or 
complete and send the attached "MCU customer or- 
dering sheet" to your local SGS-THOMSON repre- 
sentative. 


* Requires prior factory approval. 
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ORDER CODES 


EF6804P2 


Device 
Package 


Screening level 


Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature 
and screening level. Other possibilities on request. 


re[slelejete[v|[tisalol] | 

[fel [elele| [ele] | 

EF6804P2 a na a 
A 


Examples : EF6804P2P, EF6804P2FN, EF6804P2PV, EF6804P2FNV. 


Package : C : Ceramic DIL, P : Plastic DIL, FN : PLCC. 


Oper. temp. : L* :0°C to + 70°C, V:-— 40°C to + 85°C, T: 40°C to + 105°C, * . may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D 


EXORciser ts a registered trademark to Motorola Inc 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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EF6804 FAMILY - MCU CUSTOMER ORDERING SHEET 


Commercial reference | | | | | | | | | | | Customer name 


Company 
Address 


Customer’s marking ; | | | | | Phone 


Specification reference ; 


Application [1 SGS-THOMSON Microelectronics reference 


[I Special customer data reference” 


Seevecessssaeceessececssseeusanesenanseseess 


ROM capacity required : Number of interrupt vector 7 | 


; Quality level : 
Temperature range : STD 


LI 0O°C/+70°C 7 5 
LJ —40°C/+85°C 7 


Ol ~40°c/ + 105°C Other* (customer’s quality specification ref.) : 


Package Software developped by : 
Plastic (1 SGS-THOMSON Microelectronics application lab. 
LJ PLCC LJ External lab. 
LJ Customer 


PATTERN MEDIA (a listing may be supplied in addition OP MON LIST 


for checking purpose) : 
EPROM Reference : “Oscillator input - Port A output drive 


) EFDOS/MDOS* disk file fais, ies ease en 


Hl a Nepey (} RC LJ TTLonly 

L} 5°14 floppy LJ Open Drain 

Other - Interrupt Trigger - Port B output drive 
Edge-sensitive J = CMOS and TTL 
Level-and edge- LI TTLonly 
sensitive L} = = Open drain 


- Port C output drive : 
CMOS and TTL 

LJ TL only 

LJ Open drain 


* Requires prior factory approval 


Yearly quantity forecast : Start of production date : 
for a shipment period of : 


CUSTOMER CONTACT NAME SIGNATURE : 
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HCMOS 8-BIT MICROCOMPUTER 


PRELIMINARY INFORMATION 
SECTION 1 —- INTRODUCTION 


The EF68HCO4P3 microcomputer unit (MCU) is a 
member of the EF68HC04 family of very low cost 
and low power single chip microcomputers. This 8 
bit microcomputer contains a CPU, on-chip clock, 
ROM, RAM, I/O, and timer. It is designed for the user 


who needs an economical microcomputer with the P SUFFIX 
proven capabilities of the EF6800 based instruction (Plastic Package) 
set. The following are some of the hardware and Ps 
software highlights of the EF68HCO4P3 MCU. ) 

CB-520 (p> ~ “i 
HARDWARE FEATURES aes 
a Low power HCMOS 
= Power saving stop and wait modes FN SUFFIX 
= Single 2.0 to 6.0 volt power supply Pees) 
a 8-bit architecture 
s Fully static operation 
» Pin compatible with the EF6805P2 and 


PIN CONNECTIONS 


EF6804P2 
124 bytes of on-chip RAM with standby mode 


a 2 Kbytes of program ROM including 356 bytes = 
for self-check program 

= 72 bytes of user data ROM for look-up tables Yee 

» 20 CMOS compatible bidirectional I/O lines CATAL 

= On-chip clock generator XTAL 

» Extensive self-check capability allowing com- MDS 
plete functional test of the chip (including ROM TIMER 


content) 
= Master reset and power-on-reset 
a 8-bit timer with 7-bit software programmable 
prescaler 
= Timer pin programmable as input or output 
Complete development system support on de- 
vice® 


SOFTWARE FEATURES 
a Similar to EF6800 family 
» Byte efficient instruction set 
= Easy to program 
-m True bit manipulation 
a Stop, wait and bit manipulation instructions 
» Bit test and branch instructions 
= Versatile interrupt handling 
= Separate flags for normal and interrupt process- 
ing 
m True LIFO 4-level stack eliminating stack pointer 
a Maskable timer interrupt 
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Versatile indirect registers 

Conditional branches 

Single instruction memory examine/change 
9 powerful addressing modes 


USER SELECTABLE OPTIONS 

a Crystal or low-cost resistor oscillator option 

s Mask selectable internal clock generator options 

u Mask selectable edge or level sensitive interrupt 
pin 

a Program rom protection option 

Optional pull-down devices on I/O lines 

Optional pull-up devices on INT and RESET pins 


DEVICE® is SGS THOMSON’ Microelectronics development/emula- 
tion tool. 


Figure 1.1 : EF68HCO04P3 MCU Block Diagram. 


XTAL EXTAL RESET MDS IRQ 


PRESCALER] 7!MER/ 
; g COUNTER 
TIMER STATUS/CONTROL OSCILLATOR 
REGISTER 


A 

2 CPU 
INDIRECT CONTROL 
REGISTER 

8 x 
INDIRECT 
REGISTER = 


CONDITION 
PORT | DATA REGISTER PORT 
A DIR. 4 CODE CC Cc 
REG. }] REG. . 1/07 
STACK LINES 
12 
PROGRAM 
COUNTER 72«xB 
4 HIGH PCH USEH DATA 


1692 «8 PROGRAM SPACE ROM 
USER ROM COUNTER 
356 «8 8 LOW PCL 
SELF-CHECK ROM 


Note : 8—Bit Indirect Registers X and Y, although shown as part of the CPU are actually located in the 124 x 8 RAM at locations 
$80 and $81 
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SECTION 2 


FUNCTIONAL PIN DESCRIPTION, MEMORY, 
CPU, AND REGISTERS 


This section provides a description of the functional 
pins, memory spaces, the central processing unit 
(CPU), and the various registers and flags. 


2.1. FUNCTIONAL PIN DESCRIPTION 


2.1.1. Vcc AND Vss. Power is supplied to the MCU 
using these two pins. Vcc is power and Vss is the 
ground connection. 


2.1.2 IRQ. This pin provides the capability for asyn- 
chronously applying an external interrupt to the 
MCU. Refer to 4.1. INTERRUPT for additional infor- 
mation. 


2.1.3. XTAL AND EXTAL. These pins provide con- 
nections to the on-chip clock oscillator circuit. A crys- 
tal, a resistor and capacitor, or an external signal, 
depending on the user selectable manufacturing 
mask option, can be connected to these pins to pro- 
vide asystem clock source with various stability/cost 
tradeofis. Lead lengths and stray capacitance on 
these two pins should be minimized. Refer to 4.4. 
INTERNAL CLOCK GENERATOR OPTIONS for 
recommendations concerning these inputs. 


2.1.4. TIMER. Inthe input mode, the timer pin is con- 
nected to the prescaler input and serves as the timer 
clock or as an enable input for the internal clock. In 
the output mode, the timer pin signals that a time 
out of the timer has occurred. Refer to SECTION 3 
TIMER for additional information. 


2.1.5. RESET. The RESET pin is used to restart the 
processor of the EF68HCO04P3 to the beginning of 
a program. This pin, together with the MDS pin is 
also used to select the operating mode of the 
EF68HCO4P3S. If the MDS pin is at zero volts, the 
normal mode is selected and the program counter 
is loaded with the user restart vector. However, if the 
MDS pin is at + 5 volts, then pins PA6 and PA7 are 
decoded to allow selection of the operating mode. 
Refer to 4.3. RESET for additional information. 


2.1.6. MDS. The MDS (mode select) pin is used to 
place the MCU into special operating modes. If MDS 
is held at + 5 volts at the exit of the reset state, the 
decoded state of PA6 and PA7 is latched to deter- 
mine the operating mode (single-chip, self-check, or 
ROM verify). However, if MDS is held at Zero volts 
at the exit of the reset state, the single-chip opera- 
ting mode is automatically selected (regardless of 
PA6 and PA7 state). 


For those users familiar with the EF6801 microcom- 
puter, mode selection is similar but much less com- 
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plex in the EF68HCO4P3. No special external 
diodes, switches, transistors, etc. are required in the 
EF68HCO4P3. 


2.1.7. PORT INPUT/OUTPUT LINES (PAO-PA7, 
PBO-PB7, PCO-PC3). These 20 lines are arranged 
into two 8-bit ports (A and B) and one 4-bit port (C). 
All lines are programmable as either inputs or out- 
puts under software control of the data direction reg- 
isters. Refer to SECTION 5 INPUT/OUTPUT 
PORTS for additional information. 


2.2. MEMORY 


The MCU operates in three different memory 
spaces : program space, data space, and stack 
space. A representation of these memory spaces is 
shown in figure 2.1. The program space (figure 2.1a) 
contains all of the instructions that are to be ex- 
ecuted, as well as the data required for the immedi- 
ate addressing mode _ instructions, and the 
self-check and user vectors. The data space (figure 
2.1b) contains all of the RAM locations, plus I/O lo- 
cations and some ROM used for storage of tables 
and constants. The stack space (figure 2.1Cc) con- 
tains RAM which is used for stacking subroutine and 
interrupt return addresses. 


The MCU is capable of addressing 4096 bytes of 
program space memory with its program counter 
and 256 bytes of data space memory with its instruc- 
tions. The data space memory contains three bytes 
for port data registers, three bytes for port data di- 
rection registers, one byte for timer status/control, 
72 bytes ROM, 124 bytes RAM (which includes two 
bytes for XP and YP indirect registers), two bytes for 
timer prescaler and count registers, and one byte 
for the accumulator. The program space section 
contains 2048 bytes of ROM including 356 bytes of 
self-check ROM and 8 bytes of vectors for self- 
check and user programs. 


2.2.1. PROGRAM ROM PROTECTION. A manu- 
facturing mask option is available to the user to en- 
able program ROM protection. If enabled, this 
security feature prevents the ROM contents being 
output during any operating mode. 


2.3. CENTRAL PROCESSING UNIT 


The CPU of the EF68HC04 Family is implemented 
independently from the I/O or memory configura- 
tion. Consequently, it can be treated as an inde- 
pendent central processor communicating with I/O 
and memory via internal addresses, data, and con- 
trol buses. 
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Figure 2.1 : EF68HCO4P3 MCU Address Map. 


(a) Program Space Memcry Map 
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(c) Stack Space Memory Map 
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* $80, $81, $82, $83 are used for short direct addressing 


{b) Data Space Memory Map 
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Port B Data Reg:ster 
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2.4. REGISTERS 


The EF68HC04 Family CPU has four registers and 
two flags available to the programmer. They are 


Figure 2.2 : Programming Model. 


] 
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shown in figure 2.2 and are explained in the follow- 
ing paragraphs. 


0 


These Are 
Registers 
In Data 
Space RAM 


Indirect 
Register X 


Indirect 
Register Y 


Program 
Counter 


Normal Flags 


Interrupt Flags 


2.4.1. ACCUMULATOR (A). The accumulator is an 
8-bit general purpose register used in all arithmetic 
calculations, logical operations, and data manipula- 
tions. The accumulator is implemented as the hig- 
hest RAM location ($FF) in data space and thus 
implies that several instructions exist which are not 
explicitly implemented. Refer to 6.3. IMPLIED INS- 
TRUCTIONS for additional information. 


2.4.2. INDIRECT REGISTERS (XP, YP). These two 
indirect registers are used to maintain pointers to 
other memory locations in data space. They are 
used in the register-indirect addressing mode, and 
can be accessed with the direct, indirect, short di- 
rect, or bit set/clear addressing modes. These reg- 
isters are implemented as two of the 124 RAM 
locations ($80, $81) and as such generate implied 
instructions and may be manipulated in a manner 
similar to any RAM memory location in data space. 
Refer to 6.3. IMPLIED INSTRUCTIONS for addi- 
tional information. 


2.4.3. PROGRAM COUNTER (PC). The program 
counter is a 12-bit register that contains the address 
of the next ROM word to be used (may be opcode, 
operand, or address of operand). The 12-bit pro- 
gram counter is contained in PCL (low byte) and 
PCH (high nibble). 

2.4.4. FLAGS (C, Z). The carry (C) bit is set ona 
carry or a borrow out of the ALU. It is cleared if the 
result of an arithmetic operation does not result in a 
carry or a borrow. The (C) bit is also set to the value 
of the bit tested in a bit test instruction, and partici- 
pates in the rotate left instruction. 


The zero (Z) bit is set if the result of the last arith- 
metic or logical operation was equal to zero, other- 
wise it is cleared. 


There are two sets of these flags, one set is for in- 
terrupt processing, the other for all other routines. 
When an interrupt occurs, a context switch is made 
from the program flags to the interrupt flags (inter- 
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rupt mode). An RTI forces the context switch back 
to the program flags (program mode). While in either 
mode, only the flags for that mode are available. 
Further, the interrupt flags will not be cleared upon 
entering the interrupt mode. Instead, the flags will 
be as they were at the exit of the last interrupt mode. 
Both sets of flags are cleared by reset. 


2.4.5. STACK. There is a true LIFO stack incorpor- 
ated in the EF68HCO04P3 which eliminates the need 
for a stack pointer. Stack space is implemented in 
separate RAM (12-bits wide) shown in figure 2.1c. 


Figure 2.3 : Stack Operation when RTS or RTI occurs. 


Whenever a subroutine call (or interrupt) occurs, the 
contents of the PC are shifted into the top register 
of the stack. At the same time (Same cycle), the top 
register is shifted to the next level deeper. This hap- 
pens to all registers with the bottom register falling 
out the bottom of the stack. 


Whenever a subroutine or interrupt return occurs, 
the top register is shifted into the PC and all lower 
registers are shifted up one level higher. Stack level 
4 is loaded with the previous content of stack level 
3. The stack RAM is four levels deep. 


Stack Level 1 


Stack Level 2 
Stack Level 3 


Stack Level 4 


2.4.6. CRC REGISTERS. Two eight bit registers are 
implemented in RAM primarily for use in self-check 
and ROM verify modes. These two registers are 
memory mapped in data space at addresses $0A 
(CRC low) and $0B (CRC high). 


Provided no write or read/modify/write operation is 
performed to change the contents of these two lo- 


cations, the registers are configured to perform CRC 
calculations. Hence by simply reading a register, a 
pseudo random number may be generated. If a 
write or read/modify/write is performed on ad- 
dresses $0A or $0B then the CRC circuitry is dis- 
abled and both registers can_be used as a RAM 
location until such time as a RESET enables the 
CRC circuitry again. 
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SECTION 3 


3.1. INTRODUCTION 


A block diagram of the EF68HC04P3 timer circuitry 
is shown in figure 3.1. The timer logic in the MCU is 
comprised of a simple 8-bit counter (timer count reg- 
ister, TCR) with a 7-bit prescaler, and a timer 
status/control register (TSCR). The timer count reg- 
ister, which may be loaded under program control 
is decremented towards zero by aclock input (pres- 
caler output). The prescaler is used to extend the 
maximum interval of the overall timer. The prescaler 
tap is selected by bits 0-2 (PSO-PS2) of the timer 
status/control register. Bits PSO-PS2 control the ac- 
tual division of the prescaler within the range of 
divide-by-1 (2°) to divide-by-128 (2”). The timer 
count register (TCR) and prescaler are de- 
cremented on rising clock edges. The coding of the 
TCSR PSO-PS2 bits produces a division in the pres- 
caler as shown in table 3.1. 


Table 3.1 : Prescaler Coding Table. 


PSi | PSO | Divide By 


--asoneelh 


--=- 00-00 
= OoO- O- Oo - CO 


TIMER pin may be programmed as either an output 
or an input depending on the status of DOUT and 
TOUT bits. Three modes are available. 


Output mode (TOUT = 1) 


The TIMER pin is connected to the DOUT latch. 
Therefore, the timer prescaler is clocked by the in- 
ternal SYNC pulse. (Divide-by-12, -24 or -48 of the 
internal oscillator according to selected mask op- 
tion, refer to 4.4. INTERNAL CLOCK GENERATOR 
OPTIONS). The prescaler then divides its clock 
input by a value determined by the coding of the 
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TSCR bits PSO-PS2 as shown in table 3.1. The 
divided prescaler output then clocks the 8-bit timer 
count register (TCR). When the TCR count reaches 
zero, it sets the TMZ bit in the TSCR. The TMZ bit 
can be tested under program control to perform a 
timer function whenever it goes high. The low-to- 
high TMZ bit transition is used to latch the DOUT bit 
of the TSCR and provides it for the TIMER pin. 


Controlled mode (TOUT = 0, DOUT = 1) 


The TIMER pin is an input which controls the coun- 
ting by the prescaler-timer. When high, it enables 
counting Counting is disabled as long as this input 
remains low. Operation is similar to that described 
for the output mode. 


Clock input mode (TOUT = 0, DOUT = 0) 


The TIMER pin is connected directly to the presca- 
ler input. Therefore the timer prescaler is clocked by 
the signal applied from the TIMER pin. Operation is 
similar to that described for the output mode. The 
frequency of the signal applied to the TIMER pin 
must be less than 1/tpyte (fosc + 12, + 24 or + 48 ac- 
cording to selected mask option) because of inter- 
nal synchronization. 


NOTE 


TMZ is normally set to logic one when the timer 
times out (TCR count reaches $00) ; however, it may 
be set by a write of $00 to the TCR or by a write to 
bit 7 of the TSCR. 


TMZ bit is cleared by a read-only of the TSCR even 
if TMZ bit is not concerned by this read. 


Timer Status 


Timer Mode 


| 0 [Clock Input Mode 


Ed 
Pr. Controlled Mode 
Ouipt | 1 | 0 


Output 
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Figure 3.1 : Timer Block Diagram. 
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During reset, the timer count register and prescaler 
are set to $FF, while the timer status/control regis- 
ter is cleared to $00 and the DOUT LATCH (TIMER 
pin is in the high-impedance input mode) is forced 
to a logic high. The prescaler and timer count regis- 
ter are implemented in data space RAM locations 
(SFD, $FE) ; therefore, they are both readable and 
writeable. A write to either will predominate over the 
TCR decrement-to-$00 function ;i.e., if a write and 
a TCR decrement-to-$00 occur simultaneously, the 
write will take precedence, and the TMZ bit is not 
set until the next timer time out. 


3.2. TIMER REGISTERS 


3.2.1. TIMER COUNT REGISTER (TCR). The timer 
count register indicates the state of the internal 8-bit 
counter. 


7 0 
MSB LSB 
TCR Address = $FE 
3.2.2. TIMER STATUS/CONTROL REGISTER 

(TSCR). 
7 6 5 4 3 2 1 @) 


TSCR Address = $09 


Low-to-high transition indicates the ti- 
mer count register has decremented 
to zero since the timer status/control 
register was last read. Cleared by a 


b7, TMZ. 
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read of TSCR register if TMZ was read © 
as a logic one. 


This bit, when set, enables the timer 
interrupt. 


When low, this bit selects the input 
modes for the timer. When high, the 
output mode is selected. 


Data sent to the timer output pin when 
TMZ is set high (output mode only). 
Choice of input mode (input mode on- 
ly). 

Used to initialize the prescaler and in- 
hibit its counting while PSI = 0. The ini- 
tialized value is set to $FF. The timer 
count register will also be inhibited 
(contents unchanged). When PSI = 1 
the prescaler begins to count down- 
ward. 


bO, bi, b2, These bits are used to select the pres- 

PSO-PS1- __caler divide-by ratio ; therefore, effec- 

PS2. ting the clock input frequency to the ti- 
mer count register. 


3.2.3. TIMER PRESCALER REGISTER. The timer 
prescaler register indicates the state of the internal 
7-bit prescaler. This 7-bit prescaler divide ratio is 
normally determined by bits PSO-PS2 of the timer 
status/control register (see table 3.1). 
6 0 
MSB LSB 
TPR Address = $FD 


b6, ETI. 


b5, TOUT. 


b4, DOUT. 


b3, PSI. 
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SECTION 4 


INTERRUPT, POWER SAVING MODES, SELF- 
CHECK, RESET, AND INTERNAL CLOCK GEN- 
ERATOR 


4.1. INTERRUPT 


There are two ways in which the MC68HC04P3 can 
be interrupted. Firstly by an external interrupt and 
secondly by a timer interrupt provided the ETI bit in 
TSCR is set. Note that both types of interrupt share 
the same vector ($FFC). The only way to differen- 
tiate a timer interrupt from an external interrupt is to 
test the TMZ bit (Timer Interrupt Request bit). The 
interrupt mask bit (IMASK), which controls interrupt 
processing, is not directly available to the pro- 
grammer. It is set during reset and power up se- 
quences to preclude any false or ghost interrupts 
from occurring, there after it is set during interrupt 
processing and cleared by the execution of an RTI 
instruction. To clear interrupt mask bit and so en- 
able interrupts, an RT| instruction must be executed. 
A simple way to do this is to call a subroutine at the 
start of the program to do any required initialisation 
and return from the subroutine using an RTI instruc- 
tion instead of RTS. See Figure 4.1 for an example 
of this technique. 


Figure 4.4a illustrates the instruction processing se- 
quence. 


The external and timer interrupt sequences are de- 
tailed in Figure 4.4b. The interrupt sequence con- 
sists of one cycle during which : 

. interrupt request latch is cleared 

. interrupt condition code flags are selected 

. PC is saved on the stack 

. interrupt mask is set 

. address of the IRQ vector location is loaded 

onto the PC 


The vector locations $FFC/$FFD must contain the 
appropriate two-byte JMP instruction. 


Figure 4.1 : Clearing the Interrupt Mask. 


JSR INIT Clear INT Mode Bit 


Rest of Program 


Use RTI to Clear INT MASK 


SFFE JMP START Reset Vector 


Internal processing of the interrupt continues until 
an RTI (return from interrupt) instruction is proces- 
sed. During the RTI instruction, the interrupt mask 
is cleared, the program condition code flags are se- 
lected and the PC is restored. Providing no interrupt 


is pending the next instruction is then fetched and 
executed. An interrupt service routine must always 
finish with an RTI. 


4.1.1. EXTERNAL INTERRUPTS. An external inter- 
rupt is requested by pulling the IRQ pin low. The IRQ 
pin can be pulled low by external circuitry. 


The maximum response time to an external inter- 
rupt is 8 machine (tbyte) cycles. This includes five 
machine cycles for the longest instruction, plus one 
machine cycle for stacking PC and switching flags 
and a max of 2 cycles to synchronise IRQ input with 
the internal machine cycle frequency. 


There are 2 external interrupt options available on 
the 68HC04P3, selectable by a manufacturing mask 
option. 

4.1.1.1. IRQ Pin Pull-up Option 


This is a manufacturing mask option for an internal 
high impedance pull-up device on the IRQ pin des- 
igned to reduce external component count. In a noi- 
sy environment however, it is recommended that a 
lower impedance external pull-up be used instead. 


4.1.1.2. External Interrupt Edge Sensitive Option 


A 1 to 0 (negative) transition on the IRQ pin will set 
the internal interrupt request latch. Prior to each in- 
struction fetch, the interrupt request latch is tested 
and, if valid, an interrupt service sequence will be 
initiated at the end of the current instruction (provi- 
ding the interrupt mask is clear). When the interrupt 
service routine is entered the interrupt request latch 
is cleared so that if a second edge occurs on the 
IRQ pin while the first interrupt is being serviced, it 
will be latched so that it can be serviced after the 
first interrupt Sequence is complete. On return from 
an interrupt the interrupt request latch is tested be- 
fore the next instruction is executed. 


4.1.1.3. External Interrupt Level Sensitive Option 


With this option there is no interrupt request latch, 
instead a check is made on the level of the IRQ pin 
after completion of each instruction and if low, an in- 
terrupt service sequence will be initiated. If on com- 
pletion of this interrupt sequence the IRQ pin is low, 
a further interrupt will be recognised and the inter- 
rupt service sequence will be re-entered. As there 
is no interrupt request latch, the state of the IRQ pin 
during the interrupt service sequence will have no 
effect on program flow. The absence of the latch al- 
so means that a glitch on the interrupt pin of less 
than 60 interval clock cycles (max. instruction exe- 
cution time) may not be recognised by the level sen- 
sitive option. 
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4.1.2. TIMER INTERRUPT. A timer interrupt is re- 
quested when the TMZ bit of the timer status/con- 
trol register (TSCR) is set. The TMZ bit can be set 
either by the timer count register (TCR) reaching the 
zero state or by any program instruction that writes 
a one to the TMZ bit. Timer interrupt request is 
maskable by clearing ETI, bit 6 of TSCR (ETI is 
cleared on Reset). See Section 3.2.2 for more de- 
tails. 


4.2. STOP MODE 


The STOP instruction places the EF68HC04P3 in 
its lowest power consumption mode. After a STOP 
instruction has been executed the interrupt mask is 
cleared and the internal oscillator is turned off caus- 
ing all internal processing to be halted and the cur- 
rent consumption to drop to leakage levels. (see 
Section 7 ELECTRICAL SPECIFICATION). 


The contents of the timer status/control register, the 
accumulator and all data space RAM are un- 
changed by STOP providing that the supply voltage, 
Vpp, remains within data sheet limits. The proces- 
sor can only be brought out of STOP mode by pull- 
ing the IRQ or RESET pins low. The timer is used 
to provide a delay, of 1920 external clock cycles, for 
the oscillator to stabilize during exit from STOP be- 
fore processing is continued. Hence, the contents 
of timer count register (TCR) and the prescaler must 
be considered to be corrupted. 


4.3. WAIT MODE 


The WAIT instruction places EF68HCO4P3 in a low 
power consumption mode. In WAIT mode, the clock 
is disabled from all internal circuitry except the timer 
circuit, halting all internal processing. The timer may 
continue to count down if PSI bit of TSCR is set. Ex- 
ternal interrupts are enabled. All other registers, 
memory and I/O lines remain in their last state. ETI 
bit of TSCR may be enabled by software prior to en- 
tering WAIT. This allows an exit from WAIT via a 
timer interrupt in addition to an external interrupt 
(IRQ) or RESET. 


4.4. OPERATING MODES AND SELF-TEST 


There are four operating modes on the 68HC04P3, 
one is the normal program execution mode (single 
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chip mode), two are self test modes and the last is 
for Motorola internal use only (non user mode or 
NUM). The operating mode entered is determined 
during RESET by the state of the Mode Select pin 
(MDS) and the port pins PA6 and PA7. If MDS is 
held low at the exit from RESET then single chip 
mode will be selected, if however, MDS is high then 
the state of PB6 and PB7 determine the operating 
mode according to Figure 4.3. 


4.4.1. SELF-CHECK MODE. Self-Check is one of 
the two self test modes of the 68HCO4P3. It uses 
the on board cyclic redundancy checker (CRC) cir- 
cuit to perform a very extensive functional check of 
the MCU by signature analysis. The simple external 
circuitry required to implement this test is shown in 
Figure 4.5a. Figure 4.6 illustrates the self check pro- 
gram flow, the RESET and Interrupts being supplied 
by the user. The status of the program is shown on 
the LEDs as shown beside the flow diagram, if the 
LEDs become "stuck" at one of these values then it 
indicates a fail in the previous section of the test. 


4.4.2. ROM VERIFY MODE. ROM verify is the sec- 
ond of the two self test modes of the 68HCO4P3. It 
uses the CRC to perform a signature analysis test 
of the Program ROM contents (Data ROM is tested 
in Self Check). The simple circuitry required to im- 
plement this test is shown in Figure 4.5b. The test 
is started by a RESET and successful completion 
will result in data output of $AA from CRCHI and $55 
from CRCLO, thus illuminating the good LED, other- 
wise the bad LED will be lit. The ROM verify mode 
also gives access to the internal processor clocks 
sync and PHI1 via pins 18 and 19. 


See Section 4.6. INTERNAL CLOCK GENER- 
ATOR OPTIONS for more details. 


Figure 4.3 : Mode Selection. 


Single Chip 
Single Chip 


Self Check 
NUM 
ROM Verify 
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4.5. SELF—CHECK 


The self-check capability of the EF68BHCO4P3 MCU 
provides an internal check to determine if the part a 
functional check of the MCU, connect it as shown in 
Figure 4.2a and monitor the LEDs for a 00100 ($04) 
pattern on port A. The MCU is left in the WAIT mode. 
A logical low signal applied to the IRQ pin places the 
MCU in the STOP mode. A 00101 ($05) pattern ap- 
pears on port A. Another logical low signal applied 
on the IRQ pin enables exit from the STOP mode. 
The "final good” pattern (00110 —$06) appears on 


Self—Check Flowchart 


RESET 


(ON SELF- 
TEST PROGRAM) 


STACK TEST 
1/0 PORTS TEST 


port A). To initiate a ROM self-check of the memory 
simply connect the circuit as shown in Figure 4.2b 
and check that the "good" LED turns on to indicate 
a good memory. The ROM verify uses a cyclical re- 
dundancy check (CRC) to conduct a ROM check by 
means of signature analysis circuit. This circuit con- 
sists of two 8-bit shift registers configured to perform 
the check using the CCITT polynominal. A manu- 
facturing mask option inhibits the outputs of the 
CRC data and the ROM data until the final result is 
available in order to protect the program ROM when 
the option is selected. 
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Figure 4.1 : STOP, WAIT, INTERRUPT and RESET Processing Flowchart. 
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Figure 4.2 : ROM Verify Circuit. 
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(Beware of IRQ pulse width when using level - 
Sensitive option - 10 machine cycles max length) 
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4.6. RESET 


The MCU can be reset in two ways : by the external 
reset input (RESET) and by power-up detect (PUD). 


4.6.1. RESET INPUT. This input can be used to 
reset the MCU internal state and provides an order- 
ly software start-up procedure. 


An external reset is achieved by pulling the RESET 
pin low for a minimum of two clock cycles. The os- 
cillator start up delay is notimplemented in this case. 


After reset the MCU will be in the following state : 
. All DDRs ($04, $05, $06) set to $00 
. TCR ($FE) and prescaler register ($FD) set 
to $FF 
. TSCR ($09) set to $00, DOUT latch set 
- STOP and WAIT latches cleared 
. All condition code flags cleared 
. CRC ($0A, $0B) registers set to $FF 
. All other registers are not affected 
_ Interrupt request latch cleared 
. Restart vector loaded into PC 
. Interrupt mask bit set 


4.6.2. PUD. It occurs when a positive transition is 
detected on Vcc on initial power-up. No external RC 
network is needed. PUD is used strictly for power 
turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no 
provision in this block for power-down detect. When 
the MCU is reset by means of PUD, an internal delay 
of 1920 oscillator clock periods is generated for the 
oscillator to stabilize. The MCU emerges from the 
reset condition at the end of this temporization. 

4.6.3. RESET PIN PULL-UP OPTION. This is a 
manufacturing mask option for an internal high im- 
pedance pull-up device on the reset pin, designed 
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to reduce external component count. In a noisy en- 
vironment however, it is recommended that a lower 
impedance external pull-up be used instead. 


4.7. INTERNAL CLOCK GENERATOR OP- 
TIONS 


The internal clock generator circuit is designed to 
require a minimum of external components. A crys- 
tal, a resistor-capacitor, or an external signal may 
be used to generate a system clock with various sta- 
bility/cost tradeoffs. A manufacturing mask option is 
required to select either the crystal oscillator or the 
RC oscillator circuit. The different clock generator 
option connection methods are shown in Figure 4.4, 
crystal specifications and suggested PC board 
layouts are given in Figure 4.5, resistor-capacitor 
selection graph is given in Figure 4.6, and a timing 
diagram is illustrated in Figure 4.7. The crystal os- 
cillator startup time is a function of many variables : 
crystal parameters (especially Rs), oscillator load 
capacitance (CL), IC parameters, ambient tempera- 
ture, and supply voltage. To ensure rapid oscillator 
startup, neither the crystal characteristics nor the 
load capacitance should exceed recommendations. 


The oscillator output frequency is internally divided 
by four, two or one depending upon a manufactur- 
ing mask option selection to produce the internal @1 
and @2 clocks. The @1 clock is divided by twelve to 
produce a machine byte (cycle) clock (internal 
SYNC pulse). A byte cycle is the smallest unit 
needed to execute any operation (i.e., increment the 
program counter). An instruction may need two, 
four, or five byte cycles to be executed. 


If the application is to be driven by an external sig- 
nal, then the crystal mask option should be selected. 
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Figure 4.4 : Clock Generator Options. 
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Option) 


External Clock Extemal Resstor-Capaator 


Figure 4.5 : Crystal Motional Arm Parameters and Suggested PC Board Layout. 


Crystal Parameters 


Crystal Parameters 
AT — Cut Parallel Resonance Crystal 
Co=7 pF Maximum 
Freq = 11 MHz 
Rs =50 Ohms Maximum 


Prezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators Follow 
ceramic resonator manufacturer's sug- 


gestions for Co, Cj, and Rs values 


NOTE Keep crystal leads and circuit 
connections as short as possible 
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Figure 4.6 : Typical Frequency Selection for Resistor-capacitor Oscillator Option. 
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Figure 4.7 : Clock Generator Timing Diagram. 
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SECTION 5 


5.1. INPUT/OUTPUT 


There are 20 input/output pins. All pins (port A, B, 
and C) are programmable as either inputs or outputs 
under software control of the corresponding data 
direction register (DDR). The port I/O programming 
is accomplished by writing the corresponding bit in 
the port DDR to a logic one for output or a logic zero 
for input. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 
The port output registers are not initialized on reset 
but should be initialized before changing the DDR 


Figure 5.1 : Typical I/O Circuitry. 
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bits to avoid undefined levels. When programmed 
as outputs, the latched output data is readable as 
input data, regardless of the logic levels at the output 
pin due to output loading ; see figure 5.1. Amanufac- 
turing mask option enables the choice of additional 
pull-down devices on all I/O pins (Selection in 5 
groups : PA7, PA(5:6), PA(1:4), Port B, PAO + Port 
C). 

The address map in figure 2.1 gives the address of 


data registers and DDRs. The register configuration 
is discussed under the registers paragraph below. 
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The latched output data bit (See figure 5.1) may al- 
ways be written. Therefore, any write to a port writes 
to all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data 
registers and avoid undefined outputs ; however, 
care must be exercised when using read-modify- 
write instructions since the data read corresponds to 
the pin level if the DDR is an input (0) and cor- 
responds to the latched output data when the DDR 
is an output (1). 


5.2. REGISTERS 


The registers described below are implemented as 
RAM locations and thus may be read or written. 


5.2.1. PORT DATA REGISTER. The source of data 
read from the port data register will be the port I/O 
pin or previously latched output data depending 
upon the contents of the corresponding data direc- 
tion register (DDR). The destination of data written 
to the port data register will be an output data latch. 
If the corresponding data direction register (DDR) 
for the port I/O pin is programmed as an output, the 
data will then appear on the port pin. 


7 0 
MSB LSB 
Port A Address = $00 
Port B Address = $01 
Port C Address = $02 (Bits 0-3) 


5.2.2. PORT DATA DIRECTION REGISTER. The 
port DDRs configure the port pins as either inputs or 
outputs. Each port pin can be programmed in- 
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dividually to act as an input or an output. A zero in 
the pins corresponding bit position will program that 
pin as an input while a one in the pins corresponding 
bit position will program that pin as an output. During 
reset the DDRs are initialized to $00. 


7 0 
MSB LSB 
Port A Address = $04 
Port B Address = $05 
Port C Address = $06 (Bits 0-3) 


5.3. PULL DOWN DEVICE OPTION 


The implementation of pull down devices on par- 
ticular groupings of I/O port pins is a manufacturing 
mask option available to the user. This is typically of 
benefit in applications where keyboards are inter- 
faced directly to the MCU and similar situations. 


The permitted groupings are as follows : 
— PortC 
— Port C and Pin PAO 
— Pins PA1, PA2, PA3, PA4 
— Pins PA5, PA6 
— Pin PA7 
— Pins PA4, PA5, PA6, PA7 
— Pins PAO, PA1, PA2, PA3 
— Pins PB3, PB4, PB5, PB6, PB7 
— Pins PB1, PB2 
— Pin PBO 


«Note : That all the pulldown device is disabled when 
* the port pin is programmed as an output. 
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SECTION 6 
SOFTWARE AND INSTRUCTION SET 


6.1. SOFTWARE 


6.1.1. BIT MANIPULATION. The EF68HC04P3 
MCU has the ability to set or clear any register or 
single random access memory (RAM) writable bit 
with a single instruction (BSET, BCLR). Any bit in 
data space, including ROM, can be tested, using the 
BRSET and BRCLR instructions, and the program 
may branch as a result of its state. The carry bit 
equals the value of the bit referenced by BRSET or 
BRCLR. A rotate instruction may then be used to ac- 
cumulate serial input data in a RAM location or 


Figure 6.1 : Bit Manipulation Example. 


6.1.2. ADDRESSING MODES. The EF68HC04P3 
MCU has nine addressing modes which are ex- 
plained briefly in the following paragraphs. The 
EF68HCO4P3 deals with objects in three different 
address spaces : program space, data space, and 
stack space. Program space contains the instruc- 
tions which are to be executed, plus the data for im- 
mediate mode instructions. Data space contains all 
of the RAM locations, XP and YP registers, ac- 
cumulator, timer, I/O locations, and some ROM (for 
storage of tables and constants). Stack space con- 
tains RAM for use in stacking the return addresses 
for subroutines and interrupts. 


The term "Effective Address" (EA) is used in 
describing the address modes. EA is defined as the 
address from which the argument for an instruction 
is fetched or stored. 


6.1.2.1. Immediate 


In the immediate addressing mode, the operand is 
located in program ROM and is contained in a byte 
following the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 
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register. The capability to work with any bit in RAM, 
ROM, or I/O allows the user to have individual flags 
in RAM or to handle I/O bits as control lines. 


The coding example in figure 6.1 illustrates the use- 
fulness of the bit manipulation and test instructions. 
Assume that the MCU is to communicate with an ex: 
ternal serial device. The external device has a data 
ready signal, a data output line, and a clock line (to 
clock data one bit at a time, MSB first, out of the 
device). The MCU waits until the data is ready, 
clocks the external device, picks up the data in the 
carry flag (C bit), clears the clock line, and finally ac- 
cumulates the data bit in the accumulator. 


SELF BRSET 2, PORTA, SELF 


BSET 1, PORTA 
BRCLR 0, PORTA, CONT 
CONT BCLR- 1, PORTA 

ROLA 


6.1.2.2. Direct 


In the direct addressing mode, the effective address 
of the argument is contained in a single byte follow- 
ing the opcode byte. Direct addressing allows the 
user to directly address the 256 bytes in data space 
memory with a single two-byte instruction. 


6.1.2.3. Short Direct 


The MCU also has four locations in data space RAM 
($80, $81, $82, $83) which may be used in a short- 
direct addressing mode. In this mode the opcode 
determines the data space RAM location, and the in- 
struction is only one byte. Short direct addressing is 
a subset of the direct addressing mode. (Note : $80 
and $81 are the X and Y register locations). 


6.1.2.4. Extended 


In the extended addressing mode, the effective ad- 
dress is obtained by concatenating the four least sig- 
nificant bits of the opcode with the byte following the 
opcode (12-bit address). Instructions using the ex- 
tended addressing mode (JMP, JSR) are capable of 
branching anywhere in program space. An ex- 
tended addressing mode instruction is two bytes 
long. 
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6.1.2.5. Relative 


The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, 
that address is formed by adding the sign extended 
lower five bits of the opcode (the offset) to the pro- 
gram counter if and only if the condition is true. 
Otherwise, control proceeds to the next instruction. 
The span of relative addressing is from - 15 to + 16 
from the opcode address. The programmer need 
not worry about calculating the correct offset when 
using the assembler since it calculates the proper of- 
fset and checks to see if it is within the span of the 
branch. 


6.1.2.6. Bit Set/Clear 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte follow- 
ing the opcode specifies the direct address of the 
byte in which the specified bit is to be set or cleared. 
Thus, any bit in the 256 locations of data space 
memory, which can be written to, can be set or 
cleared. 


6.1.2.7. Bit Test and Branch 


The bit test and branch addressing mode is a com- 
bination of direct addressing and relative address- 
ing. The bit and condition (set or clear) which is to 
be tested is included in the opcode, and the data 
space address of the byte to be tested is in the single 
byte immediately following the opcode byte. The 
third byte is sign extended to twelve bits and be- 
comes the offset added to the program counter if the 
condition is true. The single three-byte instruction al- 
lows the program to branch based on the condition 
of any bit in data space memory. The span of 
branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also trans- 
ferred to the carry flag. 


6.1.2.8. Register-Indirect 


In the register-indirect addressing mode, the 
operand is at the address (in data space) pointed to 
by the contents of one of the indirect registers (X or 
Y). The particular X or Y register is selected by bit 4 


ky SGS-THOMSON 


EF68HC0O4P3 


of the opcode. Bit 4 of the opcode is then decoded 
into an address which selects the desired X or Y 
register ($80 or $81). A register-indirect instruction 
is one byte long. 


6.1.2.9. Inherent 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in 
the opcode. These instructions are one byte long. 


6.2. INSTRUCTION SET 


The EF68HC04P3 MCU has a set of 44 basic ins- 
tructions, which when combined with nine address- 
ing modes produce 244 usable opcodes. They can 
be divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 


6.2.1. REGISTER/MEMORY INSTRUCTIONS. 
Most of these instructions use two operands. One 
operand is the accumulator and the other operand 
is obtained from memory using one of the address- 
ing modes. The jump unconditional (JMP) and jump 
to subroutine (JSR) instructions have no register 
operands. Refer to table 6-1. 


6.2.2. READ-MODIFY-WRITE INSTRUCTIONS. 
These instructions read a memory location or a 
register, modify or test its contents, and write the 
modified value back to memory or to the register. 
There are ten instructions which utilize read-modify- 
write cycles. All INC and DEC forms along with all 
bit manipulation instructions use this method. Refer 
to table 6-2. 

6.2.38. BRANCH INSTRUCTIONS. The branch ins- 
tructions cause a branch from the program when a 
certain condition is met. Refer to table 6-3. 

6.2.4. BIT MANIPULATION INSTRUCTIONS. 
These instructions are used on any bit in data space 
memory. One group either sets or clears. The other 
group performs the bit test branch operations. Refer 
to table 6-4. 
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Ma CLERICS SS CCR ee a a EA 


Subtract | Subtract fromA | A 


Bom eel 
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with Meracs 
|AND Memory toA |AND Memory toA toA P- |-]-f-]f-]-— 
Coe eS ee RE RS ORNS CA es ee ee 
aaa eT eae | ee ee ee Wee 
ne Mg ee te ee alee oe nee se ereie eae 
re ee ee ee eae ee eee ea eee ee 
NT Eee 


[Complement A | A coma | = 


Leesan Immediate Value 
to Memory 


[Rotate A Left and Carry A Left and [Rotate A Left and Carry fRoLA | 


SPECIAL NOTES 

1 In Short-Direct addressing, the LDA mnemonic represents opcode AC, AD, AE, and AF This ts equivalent to RAM locations $80 (AC), $81 (AD), $82 (AE), and $83 (AF) 
2. In Short-Direct addressing, the STA mnemonic represents opcode BC, BD, BE, and BF This 1s equivalent to RAM locations $80 (BC), $87 (BD), $82 (BE), and $83 (BF). 
3. In Extended addressing, the four LSBs of the opcode (Mnemonic JSR and JMP) are formed by the four MSBs of the target address (TAR). 
4. In Immediate addressing, the LOXI and LDYI are mnemonics which ace recognized as follows 

LOXI=MVI $80,data 

LDOYI=MVI $81,data Where data is a one-byte hexadecimal number 
5 The MVI instruction refers to both Immediate and Direct addressing, 
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Addressing Modes 


ee [Sherr Direct 
ee arc 
= _ See il 


[increment Memory Location | NO | e6 | Fe 2 | [aes + | 4 
yaaa) See Asan a GN Ge - BA MM Cee SSa 
ineramentxP____[noxt || ||| || [1 [4 | 
ineramentve _____[wey| | | |_| ||| a] 1 | «| 
[Decrement Memory Location [DEC | _e7 | #7_| 1 | « | *F | @ | « [eesp[ 1 | 4 | aa 
Decrmena____—‘foecal | |||*rFf[2j]-+« | | | | 
Decrement xP____fozox] _{_|_|.|.| || [1 |« | 
Decremenve____Jozcvf |_|] |||. [+ |« | 


SPECIAL NOTES 
1. In short-direct addressing, the INC mnemonic represents opcode A8, AQ, AA, and AB. These are equivalent to RAM locations $80 (A8), $81 (A9), $82 (AA), and $83 (AB). 
2. In short-direct addressing, the DEC mnemonic represents opcode B8, BY, BA, and BB. These are equivalent to RAM locations $80 (B8), $81 (B9), $82 (BA), and $83 (88), 
3. In indirect addressing, the INC mnemonic represents opcode E6 or F6, and causes the location pointed to by XP (E6 opcode) or YP (F6 opcode) to be incremented. 
4, In indirect addressing, the INC mnemonic represents opcode E7 or F7, and causes the location pointed to by XP (E7 opcode) or YP (F7 opcode) to be incremented. 
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Table 6.3 : Branch Instructions. 


Relative Addressing Mode fi. el 


Special 


SPECIAL NOTES 
1 Each mnemonic of the Branch Instructions covers a range of 32 opcodes , e g , BCC ranges from 40 through 5F. The actual memory location 
(target address) to which the branch ts made is formed by adding the sign extended lower five bits of the opcode to the contents of the program 


counter 


2 The BHS instruction (shown tn parentheses) is identical to the BCC instruction The C bit is clear if the register was higher or the same as the 


location in the memory to which It was compared 


3 The BLO instruction (shown In parentheses) 1s identical to the BCS instruction The C bit ts set if the register was lower than the location tn 


memory to which it was compared 


Table 6.4 : Bit Manipulation Instructions. 


Addressing Modes 


Branch IFF bit nis set | BRSET n (n =O... 7) 
Branch IFF bit n is clear.} BRCLR n (n = 0....7) 


# # 


# 
Bytes |Cycles opcode] o¥ss |oydtes 


# 
a: 
) 3 | 5 


SPECIAL NOTE 
1 The opcode ts formed by adding the bit number (0-7) to the basic opcode. For example : to clear bit six using the BSET6 instruction the opcode 


becomes DE (D8 + 6) , BCLR5 becomes (CO + 5) , etc 


6.2.5. CONTROL INSTRUCTIONS. The control in- 
structions control the MCU operations during pro- 
gram execution. Refer to table 6-5. 


6.2.5.1. Stop Instruction 


The STOP instruction places the EF68HC04P3 in its 
lowest power consumption mode. In STOP mode 
the internal oscillator is turned off causing all internal 
processing and the timer to be halted. In STOP 
mode, timer STATUS/CONTROL register bits 6 
(ETI) and 7 (TMZ) are cleared to remove any pend- 
ing timer interrupt requests and to disable any fur- 
ther timer interrupts. External interrupts are 
enabled. All I/O lines remain unchanged. The 
processor can only be_brought_out of the STOP 
mode by pulling low IRQ or RESET input pins. 
During the exit from the STOP mode, the timer is 
used to provide a delay of 1920 oscillator clock 
periods for the oscillator to stabilize. If an external 
clock is used, it should be kept high during all the 
time the MCU is in STOP mode. 
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6.2.5.2. Wait Instruction 


The WAIT instruction places EF68HC04P3 in a low- 
power consumption mode, but WAIT mode con- 
sumes more power than the STOP mode. In WAIT 
mode the clock is disabled from all internal circuitry 
except the timer circuit. Thus all internal processing 
is halted. The timer may, if desired, continue to count 
down (PSI bit of TCSR). 


During the WAIT mode, external interrupts are 
enabled. All other registers memory, and I/O lines. 
remain in their last state. Timer interrupt (ETI bit) 
may be enabled by software prior to entering the 
WAIT mode to allow an exit from the WAIT mode via 
a Timer Interrupt. 


6.2.6. ALPHABETICAL LISTING. The complete in- 
struction set is given in alphabetical order in table 6- 
6. There are certain mnemonics recognized by the 
assembler and converted to other instructions. The 
fact that all registers and accumulator are in RAM al- 
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lows many implied instructions to exist. The implied 


instructions recognized by the assembler are iden- BCLR, 7 $FF Ensures accumulator is plus 
tified in table 6-6. aa aat 
BSET, 7 $FF Ensures accumulator is minus 
6.2.7. OPCODE MAP SUMMARY. Table 6-7 con- a 
tains an opcode map forthe instructions usedonthe  BRCLR,7$FF Branch iff accumulator is plus 
MCU. BRSET, 7 $FF Branch iff accumulator is minus 
6.3. IMPLIED INSTRUCTIONS BRCLR, 7 $80 Branch iff X is plus (BXPL) 
Since the accumulator and all other registers are lo- Hier prance uM . js eae 
cated in RAM many implied instructions exist. The | BRCLR, 7 $81 Branch iff Y is plus (BYPL) 
assembler-recognized implied instructions are BRSET, 7 $81 Branch iff Y is minus (BYMI) 
given in table 6-6. Some examples not recognized 
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by the assembler are shown below. 
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SPECIAL NOTE 
1. The NOP Instruction {s equivalent to a branch If equal (BEQ) to the location designated by PC + 1. 
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Addressing Modes a i111: 


pO Aressing Modes ag 
Bit/Set Bit-Test- Register 


Assembler converts this to "BCC" 
Assembler converts this to "BCS" 


eee 
i 
PCLRX Assembler converts thisto"MVi#0,$80" | 
CRY ___{__|__}__Assempbler converts this to "MVI-$ 0, $87") 4} 
oa eae Naa, (ee, Se (Ra «Ree ee 
ea SEY eee Ea ee cee (scare se (ose eee OS MT a 
ee eR ed et 
ee oe 
Pp DECX Assembler converts thisto"DEC $80" 
PDECY Assembler converts thisto"DEC $81" 
BN a a a oe ee 
FINCA Assembler converts thisto"INC $FFY ff 
PINCX Assembler converts thisto "INC $80" 
et Assembles converts this te ING Say ff 
i eee eae ie ee ia 
Ec eee Saas eaeereaae 


LOX! eee aera, Assembler converts this to "MVI DATA, $80" Img ee re Ne cree ee ee 
LDY! ae ease Assembler converts this to "MVi DATA, $81" Hae oe Mite oe Me ey ee 
Ie a eon Sere Pe eK ee 8 er ee fe | 


it 


> 


| 


> 


: 
+ 


> 


Assembler converts this to "BEQ (PC) + 1" 
rae eee 


Se 
TAY Assembler converts this to"“STA SBI 
PTXAC Assembler converts thisto"LDA $80" 
PTYAL Assembler converts this to"LDA $81" 
i ae a, a eer Genera! ler ermenn es! ee 


Flag Symbols Z = Zero, C = Carry/oorrow, a = Test and Set if True, Cleared Otherwise, » = Not affected 
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Table 6.7. : EF68HC04P3 Microcomputer Instruction Set Opcode Map. 


a meuuetions 


REL REL REL REL REL REL 1 REL 

Abbreviations for Address Modes EXT Extended 
INH Inherent REL Relative 
S-D Short Direct BSC Bit Set/Clear 
B-T-B Bit Test and Branch R-IND Register Indirect 
IMM Immediate i Indicates Instruction Reserved for Future Use 
DIR Direct # Indicates Illegal Instruction 
ee (7 SGS-THOMSON 
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Table 6.7. : EF68HCO04P3 Microcomputer Instruction Set Opcode Map (continued). 
Register/Memory Control,and Bit Manipulation Register/Memory and 
neadooiare metrueyons ansirection’ ead Moetyerte 

8 
4 
JSRn * MPN BRCLRO  BCLRO 
son 

2 EXT| 2 EXT B-T-B BSC R-IND R-IND 

4 

2 EXT] 2 E XT B-T-B BSC R-IND 1 R-IND 0001 

4 4 

2 EXT] 2 EXT 1 INH] 3 B-T-B}] 2 BSC| 1 R-IND 1 R-IND 0010 

4 2 4 4 4 

JSRn * JMPn 'BRCLR3 BCLR3 SUB SUB 3 

2 EXT] 2 EXT INH B-T-B BSC} 1 R-IND 1 R-IND v0n 

4 4 4 

“COMA 'BRCLR4  BCLR4 CMP CMP 

INH B-T-B BSC R-IND 1 R-IND An 
5 
0101 


4 4 
= ROLA 'BRCLRS " BCLRS AND AND 
2 INH B-T-B BSC R-IND 1 R-IND 
4 4 4 4 
JSRn JMPn * stop BRCLR6 " BCLR6 INC INC 
2 EXT| 2 EXT INH} 3 B-T-B BSC R-IND 1 R-IND 0110 


4 4 4 
JSRn * JMPn WAIT BRCLR7 " BCLR7 DEC DEC 
EXT] 2 EXT 1 INH} 3 B-T-B| 2 BSC R-IND | 1 R-IND 0111 
4 4 4 4 5 4 4 4 


JSRn JMPn INC DEC BRSETO BSETO LDA LDA 
2 EXT| 2 EXT | 1 S-D | 1 S-D | 3 B-T-Bl 2 BSC IMM | 2 DIR 


4 4 4 4 5 4 
JSRn JMPn INC DEC BRSET1 ” BSETI 
2 EXT] 2 ExT | 1 S-D | 1 S-D B-T-B] 2 1001 
4 4 4 4 
JSRn JMPn INC DEC BRSET2 " BSET2 
2 EXT] 2 EXT | 1 S-D | 1 S-D B-T-B] 2 BSC| 2 1010 
4 4 4 4 
JSRn JMPn INC DEC ’BRSET3 " BSET3 
2 EXT] 2 ExT | 1 S2p.24 S-D | 3 B-T-B| 2 BSC] 2 1011 
4 4 4 4 5 4 
JSRn JMPn LDA STA BRSET4 BSET4 
2 EXT} 2 ExT | 1 S-D | 1 S-D | 3 B-T-B| 2 BSC| 2 1100 
4 4 4 4 5 4 
JSRn JMPn LDA STA BRSET5 BSET5 oy , 
2 EXT| 2 EXT 1 S-D 1 S-D 3 B-T-B} 2 BSC} 2 0 
4 4 4 4 
JSRn JMPn BRSET6 ” BSETS ; . aii 
EXT] 2 B-T-B 
EXT] 2 B-T-B] 2 


Opcode tn Hexadecimal 
Cycles 


Mnemonic 
Bytes 


are 


Opcode in Binary 


Address Mode 
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SECTION 7 
ELECTRICAL SPECIFICATIONS 


7.1. INTRODUCTION 
This section contains the electrical specifications and associated timing for the EF68HCO4P3. 


7.2. ABSOLUTE MAXIMUM RATINGS 


Supply Voltage — 0.3 to + 7.0 

Input Voltage Vss —0.3 to Vs55 + 0.3 

Current Drain per Pi 
0 


Total Current for Ports A, B, C and XTAL, TIMER Pins 
Sink 3 
Source -—15 


Storage Temperature Range — 55 to 150 


Ty Junction Resistance Plastic 150 °C 
PLCC 150 


This device contains circuitry to protect the inputs against damage due to high static voltages of electric fields , however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper operation tt 
is recommended that Vin and Vou be constrained to the range Vss (Vin Or Vout) Voc Reliability of operation is enhanced if unused inputs except EXTAL 
are connected to an appropriate logic voltage level (eg , either Vss or Vcc) 


7.3. EQUIVALENT TEST LOAD 


Figure 7.1:Open Collector LSTTL Compatible Figure 7.2 :CMOS Equivalent Test Load 
Equivalent Test Load (Ports A, B, C,). (Ports A, B, C,). 


Vcc 
4.63 kQQ 
Test 50 pF (Total) 
Point | 
50 pF 4.63 kQ = 
(Total) a 


30/42 


{ SGS-THOMSO 
Si Se te 


222 


7.5. POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C 
can be obtained from: 


Ty = Ta + (Pp 8ya) (1) 
Where : 
Ta = Ambient Temperature, °C 


Qua = Package Thermal Resistance, Junction-to- 
Ambient, °C/W 


Pp = Pint + Prort 
Pint = Icc x Vcc, Watts - Chip Internal Power 


Pport = Port Power Dissipation, Watts - User Deter- 
mined 


For most applications PPORT < Pint and can be 


ELECTRICAL CHARACTERISTICS + 5.0V 


EF68HC04P3 


neglected. Pport may become significant if the 
device is configured to drive Darlington bases or 
sink LED loads. 


An approximate relationship between Pp and Ty (if 
Pport is neglected) is : 

Pp =K+(Ty + 273°C) (2) 
Solving equations 1 and 2 for K gives : 


K = Pp «(Ta + 273°C) + 6 ya *Pp* (3) 


Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Pp (at equilibrium) for a known Ta. Using 
this value of K the values of Pp and Ty can be ob- 
tained by solving equations (1) and (2) iteratively for 
any value of Ta. 


(Vcc = + 5.0 Vde + 10% ; OVdc, Ta = T_ to Ty unless otherwise noted). 


Symbol Parameter 
VoL Output Voltage (ILoad = 10A) 
VoH (lLoad = 10A) 


Input Low Voltage 
Vit Ports, Timer 
Vit XTAL, MDS, IRQ, RESET 


Input High Voltage 
Vin Ports, Timer 
Vin XTAL, MDS, IRQ, RESET 
lop 
Ipp 
lbp 


(no dc loads, Vit = 0.2V *Voc — 0.2V) 
RUN Mode 
WAIT Mode (*) 

STOP Mode (*) 


ItTsI Timer, Ports (with no pull-down) 


Input Current IRQ, RESET, (with pull up) 
(Vin = Voc — 0.4V) 
I/O Output Capacitance Timer, Ports 


Note : Test conditions for lpp as follows 
XTAL input Is a square wave from 0.2V to Vcc —0 2V 
EXTAL output load = 10pF 
Circuit in self check-mode 


Timer, Ports (with pull-downs) 


Output Low Voltage (ILoaq = 0.8mA) - Timer Ports 
| Von _| Output High Voltage (ILoaq = 0.8mA) - Timer Ports 


Total Supply Current (no dc loads, fosc = 6Mhz) 


I/O Hi-Z Leakage Current (Vi, =0.4V to Vcc — 0.4V) 


Hi-Z State Input Current (Vin = Vcc — 0.4V) 


Input Current IRQ, RESET, XTAL, MDS (with no pull up) (er ae | aE ee 


Input Capacitance IRQ, RESET, XTAL, MDS 


Meee 


In WAIT and STOP Modes, Port A ts programmed as output, Port B and C are programmed as inputs 
In STOP Mode . all inputs are tied to Vi_ excepted IRQn RST, MDS, XTAL, EXTAL which are tied to Vin (when IRQ, RST have no pull up) 


when IRQ, RST have pull up, these pins are tied to Vcc 


Ports pull downs not enabled, if ports pull downs enabled connect to Vss 
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CONTROL TIMING CHARACTERISTICS (Vpp = + 5.0Vdc + 10% ; Vgg = OVdC ; Ty = 0°C to 70°C) 


tear [ OstilawrFrequeney ——SSCSC~S~SCS~—rCit 
fox [ PHI Clock Frequency —SSSSCSSSCSCSidC 
2 
oni 


Cycle Time (min) 2 
IRQ Pulse Width 2 x tore 
5 


RESET Pulse Width 
Oscillator Clock Pulse Width 


t 


Mhz 
Mhz 
S 
Ss 
S 
ns 


| Typ. | Max. | 
eer eT ee 
ae 
aes ree 
ne eae 
re ae 
a a 


ELECTRICAL CHARACTERISTICS + 3.0V 
(Voc = + 3.0 Vdc + 10% ; OVdc, T, = T, to Ty unless otherwise noted). 


| Symbol | Parameter | Min. 

Pe ree eee 
VOH (ILoad = 10A) Voc — 0.1 

| Vor_| Output Low Voltage (ILoag =0.8MA)-TimerPorts | 


Output High Voltage (lILoag = 0.8mA) - Timer Ports 


Input Low Voltage 
VIL Ports, Timer Vss 
Vit XTAL, MDS, IRQ, RESET Vss 
Input High Voltage 
Vin Ports, Timer 0.7 Voc 
Vin XTAL, MDS, IRQ, RESET 0.8 Vcc 


3 


© 
eae 


co) 
(ee) 


oO e 
oO 


0.3 Vcc 
0.2 Vcc 


Met 
Ke) 


Vcc 
Total Supply Current (no dc loads, fosc = 4.5Mhz) 3 
(no dc loads, Vi_ = 0.2V ; Vcc — 0.2V) 
lbp RUN Mode 0.6 2 
lbp WAIT Mode (*) 02 0.75 mA 
lop STOP Mode (*) 0.3 0.75 uA 
I/O Hi-Z Leakage Current (Vi, = 0.4V to Voc — 0.3V) Ma 
ItTsS1 Timer, Ports (with no pull-down) —1 1 LA 
Hi-Z State Input Current (Vin = Vcc — 0.3V) a rs a 
Timer, Ports (with pull-downs) 125 uA 
| in| Input Current IRQ, RESET, XTAL, MDS (with no pullup)| -1 | | +t | pA 
a Input Current IRQ, RESET, (with pull up) it ae 
lin (Vin = Vec = 0.3V) -— 10 LA 
I/O Output Capacitance Timer, Ports ee ee ee pe 
Input Capacitance IRQ, RESET, XTAL, MDS i Ps eee en ee 


Note : Test conditions for lop as follows 
XTAL input is a Square wave from 0 2V to Vec — 0 2V. 
EXTAL output load = 10pF 
Circuit in self check-mode 
In WAIT and STOP Modes, Port A Is programmed as output, Port B and C are programmed as inputs 
In STOP Mode ‘ all inputs are tied to Vi. excepted |RQn RST, MDS, XTAL, EXTAL which are tied to Vin (when IRQ, RST have no pull up) 
when IRQ, RST have pull up, these pins are tied to Vcc 
Ports pull downs not enabled, if ports pull downs enabled connect to Vss 
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CONTROL TIMING CHARACTERISTICS (Vpp = + 3.0Vdc + 10% ; Vgg = OVdc ; Ta = 0°C to 70°C) 


[Symbol [—~—SCSarameter —SSS*dCn. | typ | Max. | Unit 
ae 
cee 


a 
a 
| tm | IRQPulseWidth tev | 
| trmc | RESET Pulse Width exter | 
Oscillator Clock Pulse Width | 45 | | 


ELECTRICAL CHARACTERISTICS + 2.2V 
(Voc = + 2.2Vdc + 10% ; OVdc, Ta = T, to Ty unless otherwise noted). 


|Symbol | Parameter |S Min. =| Typ. | Max. | 

Output Voltage (ILoad = 10A) re ee V 
Vou (ILoaq = 10A) Vec — 0.1 

| Vor | Output Low Voltage (ILoag = 0.8mA)- Timer Ports | | 

| Von | Output High Voltage (ILoaa =0.8mA)- Timer Ports |Vcc-0.3| | | CV 

Input Low Voltage 


Ports, Timer 
XTAL, MDS, IRQ, RESET 


Input High Voltage 
Vin Ports, Timer 0.7 Vcc Vec V 
Vin XTAL, MDS, IRQ, RESET 0.8 Vec Voc 


Total Supply Current (no dc loads, fosc = 3Mhz) 
(no dc loads, Vi_ =0.2V ; Voc — 0.2V) 
RUN Mode 


2 
os) 


lbp 
lop WAIT Mode (*) 
ie STOP Mode (*) 


Pee | I/O Hi-Z Leakage Current (Vin = 0.4V to Vcc — 0.3V) 
ItTs| Timer, Ports (with no pull-down) — 14 1 LA 
Its! Timer, Ports (with pull-downs) 75 LA 


| lin | Input Current IRQ, RESET, XTAL, MDS (with no pullup)| -1 | | +1 | pA | 
I ee | Input Current IRQ, RESET, (with pull up) 


(Vin = Voc — 0.3V) 
I/O Output Capacitance Timer, Ports 
Input Capacitance IRQ, RESET, XTAL, MDS 


Note : Test conditions for lpp as follows : 
XTAL Input is a Square wave from 0.2V to Vcc — 0 2V 
EXTAL output load = 10pF 
Circuit in self check-mode 
In WAIT and STOP Modes, Port A ts programmed as output, Port B and C are programmed as tnputs 
In STOP Mode all inputs are tied to Vi. excepted IRQn RST, MDS, XTAL, EXTAL which are tied to Vin (when IRQ, RST have no pull up) 
when IRQ, RST have pull up, these pins are tied to Vcc 
Ports pull downs not enabled, if ports pull downs enabled connect to Vss 
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CONTROL TIMING CHARACTERISTICS (Vpp = + 2.2Vdc + 10% ; Vsg = OVde ; Ta = OPC to 70°C) 


i 
tose [Ostler Frequency —SSCSC=~“~“—~—SS tt 
[for [PHI Clock Frequency ——SSSCS~S—~—S—S—S—SsS Ed 
PP ST 
Tine [RG Pube wieth ———SOSC~“~*~“~*~*~*~*~*~*~d toe | 
Tinwe [RESET Puse wath ——S~S~S~S~S~Ss ate | Cd id 
tou tow | Oscllator Clock Pulse Wah ——SOSCSC~S~S as] id 
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SECTION 8 
MECHANICAL DATA 


This section contains the pin assignment and package dimension diagrams for the EF68HC04P3 microcom- 
puter. 


8.1 PIN ASSIGNMENTS 


EF 68HCO04 P3 
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8.2 PHYSICAL DIMENSIONS 


0.51 min. 


(1) Nominal dimension 
(2) True geometrical position 


2 § Pins 


Pin 1 identification 


slats L57 S&S-THOMSON 
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68HCO4P3:‘TYPICAL WAIT--IDD/FREQUENCY 


INTERNAL FREQUENCY (MHz) 
O Vcc = 4.0V © Vcc = 9.5V 


68HCO4P3:TYPICAL RUN—IDD/FREQUENCY 


NEN ITT 
AUT 


NUTINI 


INN 


Ne cecal 
ta onl 
pz ae ee ee 
es (nee 
1 2 3 4 5 6 7 8 
INTERNAL FREQUENCY (MHz) 
oO Vec = 4.0V o Vec — 5.5V 
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68HCO4P3 : VOH—IOH 


=SV 


TYPICAL CHARACTERISTICS Vdd 


CLAM et 
UE er 
CUA 
See 


Ac 


He 


Aon wun tMNAN & AONOnROoN TMA & 
v‘trde tty ev t+ MMnmnanmnnnnm 


(SLTOA) HOA 


1OH (MILLI-AMPS) 


68HCO4P3 : VOL—IOL 


=SV 


TYPICAL CHARACTERISTICS Vdd 


{(SLIOA) TOA 


—AMPS) 


IOL (MILLI 


MICROELECTRONICS 
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68HCO4P3 : VOH—IOH 


=3 3V 


TYPICAL CHARACTERISTICS Vdd 


(SLIOA) HOA 


—AMPS) 


10H (MILLI 


68HCO4P3 : VOL—IOL 


3 3V 


TYPICAL CHARACTERISTICS Vdd 


AUT 
LPT 
HAUAEEDASS HUH 
PITTING TTT 
TNT 
TTT EN 
ETAT 


ioe] 
(o) 


AonowntNnane 


a nwontnNNoe 
ee es ee ee, ee ee ue fee ro) 0000 00 Oo 


(SLIOA) TOA 


—AMPS) 


IOL (MILLI 
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SECTION 9 
ORDERING INFORMATION 


9.1. INTRODUCTION 


The following information is required when ordering 
a custom MCU. The information may be transmitted 
to SGS-THOMSON Microelectronics in the follow- 
ing media : 

EPROM(s), ET2732 


To initiate a ROM pattern for the MCU, it is neces- 
sary to first contact your local field service office, 
local sales person, or your local SGS-THOMSON 
Microelectronics representative. 


9.1.1. EPROMs. A 2716 or 2732 type EPROM, 
programmed with the customer program (positive 
logic sense for address and data), may be submitted 
for pattern generation. Since all program and data 
Space information will fit on one 2716 or 2732 
EPROM, the EPROM must be programmed as fol- 
lows in order to emulate the EF68HCO4P3 MCU. 
Start the data space ROM at EPROM address $018 
and start program space ROM at EPROM address 
$960 and continue to memory space $FFF. All un- 
used bytes, including the user’s space, must be set 
to zero. For shipment to SGS-THOMSON 
Microelectronics the EPROMs should be placed in 
a conductive IC carrier and packed securely. Do not 
use styrofoam. 
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9.2. VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not 
returned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica- 
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and 
returned to SGS-THOMSON Microelectronics. The 
signed verification form constitutes the contractural 
agreement for creation of the customer mask. If 
desired, SGS-THOMSON Microelectronics will pro- 
gram a blank 2716, 2732, or EFDOS disk (supplied 
by the customer) from the data file used to create the 
custom mask to aid in the verification process. 


9.3. ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedien- 
cy they are usually unmarked, packaged in ceramic, 
and tested only at room temperature and five volts. 
These RVUs are included in the mask charge and 
are not production parts. These RVUs are not back- 
ed nor guaranteed by SGS-THOMSON 
Microelectronics Quality Assurance. 
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ORDER CODES 


EF68HC04P3 P V 


Device 


Package 


Screen level 


Oper temp 
The table below horizontally shows all available suffix combinations for package, operating and screening 


level. Other possibilities on request. 
Package | Oper. Temp | __ Screening Level 
erssHcoap3, «=| | | @ | CUT wh} emhdfl mf emf | 
a es eae ea ee 
ee ea 


Screening Level 


Examples : EF68HCO4P3P, EF68HCO4P3FN. 


Package : C : Ceramic DIL, DIL, P : Plastic DIL, FN : PLCC 

Oper. temp. : L* : 0°C to + 70°C, D:—25 °C to + 70°C, V:— 40°C to+ 85°C, T:—40°C to + 105°C 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

* May be omitted 


A reduced-packaged version of the EF68HC04P3 (28pins) will be available in a 20-pin package EF68HC04J3 
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EF6804 FAMILY - MCU CUSTOMER ORDERING SHEET 


Commercial reference : | | | | | Customer name 


Company 
Address 


Customer’s marking : | | | | | | | Phone 


Specification reference : 


Application § incseciedicnecas LJ SGS-THOMSON Microelectronics reference 


ROM capacity required : 
Quality level : 


Temperature range : 5 a 


LJ 0°C/4+70°C 7 
LJ -25°C/+70°C 
LJ —40°C/+85°C 


Other* (customer’s quality specification ref.) : 


Software developed by : 
aa eeaaan J SGS-THOMSON Microelectronics application lab. 
ai [J = External lab. 


[I Plastic 
Ey. pice LJ Customer 


PATTERN MEDIA (a listing may be supplied in addition Crone 


ToD enerking PUIDOSe). — Oscillator input : — Interrupt trigger 

(I Eeaew Reference : O Xtal P Ch emM= Edge-sensitive 

I Other 11 ec [J LM =Level & edge- 

sensitive 

eee VO pull-down selection  — Oscillator divider : 
Frequency = > MHz PA7 = on PAT only Ch pt =2*0 

PAG=onPA5and LI D2=2"1 

PAG L] p4=2"2 

PA4 = on PA1 to PA4 LI 

PA5 = on PA4 to PA7 —1/O pull-up selection : 

PA3 =onPAOtoPA3 LJ RE =onreset pin 

PB7 = on PB3 to PB7 LJ IN=on interrupt pin 

PB2 = on PB1 and 

PB2 

PBO = on PBO only 

PB =on PortB 

PC =on Port C 

PCO = on PAO and 

Port C 

PT = on Timer Pin 


LI = Voltage Supply : (+ 10%) 
LJ 2.2V 
3.0V 
5.0V 
2.2V —5.0V 
3.0V — 5.0V 


* Requires prior factory approval 


COU UU OOO OU 


NPRO Program ROM protection disable 


Yearly Quantity Forecast: 


RVU Approval Waived— =‘ Yes, 
Waived Quantity : 


CUSTOMER CONTACT NAME : DATE : SIGNATURE : 


Start of production date : 
for a shipment period of : 
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SGS-THOMSON 
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8-BIT MICROCOMPUTER UNIT 


ADVANCE DATA 
HARDWARE FEATURES 


a 8-BIT ARCHITECTURE 

a 64 BYTES OF RAM 

a MEMORY MAPPED 1/O 

» 1100 BYTES OF USER ROM 

a 20 TTL/CMOS COMPATIBLE BIDIRECTIONAL 


/O LINES (8 Lines are LED Compatible) (Plastic Package) 
» ON-CHIP CLOCK GENERATOR 

« SELF-CHECK MODE Sif 

» ZERO CROSSING DETECTION 

» MASTER RESET FN 

» COMPLETE DEVELOPMENT SYSTEM SUP- (PLCC 28) 


PORT ON INICE® 
a 5V SINGLE SUPPLY 


PIN CONNECTIONS 


SOFTWARE FEATURES 

a SIMILAR TO 6800 FAMILY ees 

a BYTE EFFICIENT INSTRUCTION SET 28 RESET 

» EASY TO PROGRAM INT 

a TRUE BIT MANIPULATION 

a BIT TEST AND BRANCH INSTRUCTION 

a VERSATILE INTERRUPT HANDLING 

a VERSATILE INDEX REGISTER 

» POWERFUL INDEXED ADDRESSING FOR 
TABLES 

a FULL SET OF CONDITIONAL BRANCHES 

» MEMORY USABLE AS REGISTER/FLAGS 

a SINGLE INSTRUCTION MEMORY 
EXAMINE/CHANGE 

a» 10 POWERFUL ADDRESSING MODES 

» ALL ADDRESSING MODES APPLY TO ROM, 
RAM, AND |/O 


USER SELECTABLE OPTIONS 

a INTERNAL 8-BIT TIMER WITH SELECTABLE 
CLOCK SOURCE (external timer input or inter- 
nal machine clock) 

« TIMER PRESCALER OPTION (7 Bits, 2") 

=» 8 BIDIRECTIONAL I/O LINES WITH ttl OR 
TTL/CMOS INTERFACE OPTION 

a CRYSTAL OR LOW-COST RESISTOR OSCIL- 
LATOR OPTION ee 

a LOW VOLTAGE INHIBIT OPTION 

» VECTORED INTERRUPTS TIMER, SOFT- 
WARE, AND EXTERNAL 


Inice ° SGS THOMSON development/emulation too! 


April 1989 1/30 


This 1s advance information on a new product now tn development or undergoing evaluation Details are subject to change without notice 
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DESCRIPTION an economical microcomputer with the proven ca- 
The EF6805P2 Microcomputer Unit (MCU) is a pabilities of the 6800-based instruction set. A com- 
member of the EF6805 Family of low-cost single- parison of the key features of several members of 


chip microcomputers. This 8-bit microcomputer the 6805 Family is shown at the end of this data 


, following are some of the hardware and 
contains a CPU, on-chip CLOCK, ROM, RAM, /O0, _—- Sheet. The foll 
and TIMER. It is designed for the user who needs _—-Sftware highlights of the EF6805P2 MCU. 


Figure 1 : EF6805P2 HMOS Microcomputer Block Diagram. 


XTAL EXTAL RESET NUMINT . 


7 g Counter 


8 A CPU 
X 


Index Control 
Register 
8 


Condition 
Code 
5 Register CC 


Stack 
Pointer 


.) oF 
Program 
Counter 

High PCH 


1100 X 8 Program 
User ROM Counter 
116 X 8 Self. Low PCL 
Check ROM 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter | Value | Unit _| 
Supply Voltage — 0.3 to + 7.0 
Input Voltage (except pin 6) — 0.3 to + 7.0 


Ta Operating Temperature Range 0 to 70 °C 
(TL to Ty) V Suffix — 40 to + 85 


Storage Temperature Range — 55 to + 150 
°C 


Ty Junction Temperature 
150 
150 


Plastic 

PLCC 
This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields, however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit For proper operation it 
is recommended that Vin and Vou be constrained to the range Vss < (Vin or Vout) < Vec Reliability of operation is enhanced if unused inputs are tied 
to an appropriate logic voltage level (e g , either Vss or Vcc). 


THERMAL DATA 


BA Thermal Resistance Plastic 70 °C/W 
PLCC. 110 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C 
can be obtained from : 

Ty=Ta+(Pp * Qua) (1) 
Where : 

T a = Ambient Temperature, °C 

8 JA = Package Thermal Resistance, Junction-to- 
Ambient, °C/W 

Pp = Pint + Prort 

Pint = Icc x Voc, Watts - Chip Internal Power 
Pport = Port Power Dissipation, Watts - User Deter- 
mined 


For most applications Prort << Pint and can be ne- 
glected. Pport may become significant if the device 


ELECTRICAL CHARACTERISTICS 


EF6805P2 


is configured to drive Darlington bases or sink LED 
loads. 

An approximate relationship between Pp and Ty (if 
Ppont is neglected) is : 


Pp = K+ (Ty + 273°C) (2) 
Solving equations 1 and 2 for K gives : 
K=PD + (Ta + 273°C) + Qa * Pp? (3) 


Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Pp (at equilibrium) fora known Ta. Using 
this value of K the values of Pp and Ty can be ob- 
tained by solving equations (1) and (2) iteratively for 
any value of Ta. 


(Voc = + 5.25Vdce + 0.5Vdc, Vssg = OVdc, T, = T, to Ty unless otherwise noted) 


Input High Voltage 
RESET (4.75 < Vcc < 5.75) 
__(Vcc < 4.75) 
INT (4.75 < Veco < 5.75) 
(Vcc < 4.75) 
All Other (except TIMER) 


Input High Voltage Timer 
Timer Mode 
Self-check Mode 


Input Low Voltage 
INT 
All Other 


RESET Hystereris Voltage (see figures 10, 11 and 12) 


"Out of Reset" 
"Into Reset" 


INT Zero Crossing Input Voltage, through a Capacitor Os me eee 


Pint Internal Power Dissipation - No Port Loading 


Vcc = 5.75V, Ta =0°C 


Input Capacitance 
EXTAL 
All Other 


Low Voltage Recover 


0 to + 70°C a 3.5 
— 40 to + 85°C 3.1 3.5 


EXTAL (Vin = 2.4V to Vcc, crystal option) 


Vivi Low Voltage Inhibit 


Input Current 
TIMER (Vin = 0.4V) 
INT (Vin = 2.4V to Voc) 


(Vin = 0.4V, crystal option) 
RESET (Vin = 0.8V) 
(external capacitor charging current) 


ne ce Es 
pF 
25 
10 


* Due to internal biasing, this input (when unused) floats to approximately 2 0 Vdc 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Veco = + 5.25Vde + 0.5Vdc, Vsg = OVdc, Ta = T, to Ty unless otherwise noted) 


PORT A WITH CMOS DRIVE ENABLED 


Symbol 
VoL 
OH Output High Voltage, ILoag =— 10NA 

Vit 


NH Hi-Z State Input Current (Vin = 2.0V to Vcc) 
hie Hi-Z State Input Current (Vin = 0.4V) 


| Symbol_| 
| Vou _| 
| Von 
Vn 
Vn 


PORT B 
Symbol 


__——rarameter dn 
[Output Low Votage, howe =32mA——SSC«dSCd 
"Output Low Volage, eas = 10mA ink) | 
Output High Voltage, sae == 200A —~SC*iY=Ce | 
Daringion Curent Drive (source), Vo =tsv | -10 | ‘| = 10 | ma 
ie ee 
pea 
2 


Input High Voltage 
Input Low Voltage 
Hi-Z State Input Current Pe 


PORT C AND PORT A WITH CMOS DRIVE DISABLED 


[Ouipat low Volage, news = tem ——SSCSC~iS 
[Output High Vottage, teas == 10QuA——~SC~idtCi 
i ane 
a 


Vou ° 
VoL 
VoH 
lou 
Vin 
Vit 


Its\ 


Input High Voltage 
Input Low Voltage 


Hi-Z State Input Current 


VoL 
Vou 
Vin 
Vit 


ITs! 


SWITCHING CHARACTERISTICS 
(Voc = + 5.25Vde + 0.5Vdc, Vgg = OVde, Ta = T, to Ty unless otherwise noted) 


eS 


Oscillator Frequency EF6805P2 
EF68A05P2 
EF68BO05P2 


Symbol 


fose 


Cycle Time (4/fosc) 


teyc 
tw_, twH 

tRWL 

tRHL 


fint 
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Figure 2 : TTL Equivalent Test Load (port B). 


Vcc=9./5V 


1N916 


or Equiv. 15ko 


40 pF 1.25kQ9 1N4148 
(Total) q or Equiv. 


Figure 3 : CMOS Equivalent Test Load (port A). 


Figure 4 : TTL Equivalent Test Load (port A and C). 


1N916 
or Equiy.. 


30 pF 
(Total) 
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SIGNAL DESCRIPTION 


The input and output signals for the MCU, shown in 
figure 1, are described in the following paragraphs. 


Vcc AND Vss. Power is supplied to the MCU using 
these two pins. Vcc is power and Vss is the ground 
connection. 


INT. This pin provides the capability for asynchron- 
ously applying an external interrupt to the MCU. 
Refer to Interrupts section for additional information. 


XTAL AND EXTAL. These pins provide connec- 
tions to the on-chip clock oscillator circuit. A crystal, 
a resistor, or an external signal, depending on the 
user selectable manufacturing mask option, can be 
connected to these pins to provide a system clock 
source with various stability/cost tradeoffs. Lead 
lengths and stray capacitance on these two pins 
should be minimized. Refer to Internal Clock Gener- 
ator Options section for recommendations about 
these inputs. 


TIMER. This pin allow an external input to be used 
to decrement the internal timer circuitry. Refer to 
Timer section for additional information about the 
timer Circuitry. 


RESET. This pin allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. Refer to Resets section for ad- 
ditional information. 


NUM. This pin is not for user application and must 
be connected to Vss. 


INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO- 
PC3) 


These 20 lines are arranged into two 8-bit ports (A 
and B) and one 4-bit port (C). All lines are pro- 
grammable as either inputs or outputs under soft- 
ware control of the data direction registers. Refer to 
Inputs/Outputs section for additional information. 


MEMORY 


As shown in figure 5, the MCU is capable of ad- 
dressing 2048 bytes of memory and |/O registers 
with is program counter. The EF6805P2 MCU has 
implemented 1288 of these locations. This consists 
of : 1100 bytes of user ROM, (from $080 to $OFF 
and from $3CO to $783) 116 bytes of self-check 
ROM, 64 bytes of user RAM, 6 bytes of port I/O, and 
2 timers registers. The ROM division allows 128 
bytes of ROM to be addressed with direct instruc- 
tions. 
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The stack area is used during the processing of in- 
terrupt and subroutine calls to save the processor 
state. The register contents are pushed onto the 
stack in the order shown in figure 6. Because the 
stack pointer decrements during pushes, the low 
order byte (PCL) of the program counter is stacked 
first ; then the high order three bits (PCH) are 
stacked. This ensures that the program counter is 
loaded correctly, during pulls from the stack, since 
the stack pointer increments during pulls. A subrou- 
tine call results in only the program counter (PCL, 
PCH) contents being pushed onto the stack. The re- 
maining CPU registers are not pushed. 


Figure 5 : MCU Address Map. 


1/O Ports 
Timer 
Page Zero RAM 
Access with (128 Bytes) 
Short 
Instructions Page Zero 
User ROM 


(128 Bytes) 


Main User 
ROM 
(1668 Bytes) 


Self Check 
ROM 
(116 Bytes) 


Timer Interrupt 


Interrupt 


External Interrupt 
Vectors ae re 


SWI 


RESET 


CENTRAL PROCESSING UNIT 


The CPU of the EF6805 Family is implemented in- 
dependently from the I/O or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with I/O and 
memory via internal address, data, and control 
buses. 


REGISTERS 


The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 7 and 
are explained on the following paragraphs. 


7 6 5 4 3 2 ~=421 


2 ot eat 
3 [wring 
1 Peaoon | 00 
; [ron oon 
6 | Not Used | Port C DDR] $006* 
[vn | 
<a 


Timer Control Reg $009 


SOOA 
Not Used 
(54 Bytes) s03F 


RAM 
(64 Bytes) 


Stack 
(31 Bytes 
Maximum) 
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Figure 6 : Interrupt Stacking Order. 


Index Register 


111711 PCH® 


*For subroutine calls, only PCL and PCH are stacked 


Push 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic cal- 
culations or data manipulations. 


INDEX REGISTER (X). The index register is an 8- 
bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula- 
tions using the read modify-write instructions. The 
index register may also be used as a temporary stor- 
age area. 


PROGRAM COUNTER (PC). The program counter 
is an 11-bit register that contains the address of the 
next instruction to be executed. 


STACK POINTER (SP). The stack pointer is an 11- 
bit register that contains the address of the next free 
location on the stack. Initially, the stack pointer is set 
to location $07F and is decremented as data is pu- 
shed onto the stack and incremented as data is 
pulled from the stack. The six most significant bits 
of the stack pointer are permanently configured to 
000011. During an MCU reset or the reset stack 
pointer (RSP) instruction, the stack pointer is set to 


EF6805P2 


Figure 7 : Programming Model. 


Accumulator 


Index Register 


Program Counter 


Stack Pointer 


Carry/ Borrow 
Zero 

Negative 
Interrupt Mask 
Half Carry 


location $07F. Subroutines and interrupts may be 
nested down to location $061 (31 bytes maximum) 
which allows the programmer to use up to 15 levels 
of subroutine calls. 


CONDITION CODE REGISTER (CC). The condi- 
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 
state. Each individual condition code register bit is 
explained in the following paragraphs. 


HALF CARRY (H) - Set during ADD and ADC ins- 
tructions to indicate that a carry occurred between 
bits 3 and 4. 


INTERRUPT (I) - This bit is setto mask (disable) the 
timer and external interrupt (INT). If an interrupt oc- 
curs while this bit is set, the interrupt is latched and 
is processed as soon as the interrupt is cleared. 


NEGATIVE (N) - Used to indicate that the result of 
the last arithmetic, logical, or data manipulation was 
negative (bit 7 in result equal to a logical one). 


ZERO (2) - Used to indicate that the result of the last 
arithmetic, logical, or data manipulation was zero. 
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CARRY/BORROW (C) - Used to indicate that a 
carry or borrow out of the arithmetic logic unit (ALU) 
occurred during the last arithmetic logic unit (ALU) 
occurred during the last airhtmetic operation. This 
bit is also affected during bit test and branch instruc- 
tions plus shifts and rotates. 


TIMER 


The EF6805P2 MCU timer circuitry is shown in 
figure 8. The 8-bit counter may be loaded under pro- 
gram control and is decremented toward zero by the 
clock input (prescaler output). When the timer 
reaches zero, the timer interrupt request bit (bit 7) 
in the timer control register (TCR) is set. The timer 
interrupt can be masked (disabled) by setting the 
timer interrupt mask bit (bit 6) in the TCR. The inter- 
rupt bit (I bit) in the condition code register also pre- 


Figure 8 : Timer Block Diagram. 


p2 


(internal) 


Manufacturing 
Mask 


Options Write 


vents a timer interrupt from being processed. The 
MCU responds to this interrupt by saving the pres- 
ent CPU state on the stack, fetching the timer inter- 
rupt vector from locations $7F8 and $7F9, and 
exexuting the interrupt routine ; see the Interrupts 
section. THE TIMER INTERRUPT REQUEST BIT 
MUST BE CLEARED BY SOFTWARE. 


The clock input to the timer can be from an external 
source (decrementing of timer counter occurs on a 
positive transition of the external source) applied to 
the TIMER input pin or it can be the internal 2 sig- 
nal. Three machine cycles are required for a change 
in state of the TIMER pin to decrement the timer 
prescaler. The maximum frequency of a signal that 
can be recognized by the TIMER or INT pin logic is 
dependent on the parameter labeled tw, twH. The 
pin logic that recognizes the high (or low) state on 


»limer 


Request =‘ Interrupt 
(TIR) Mask (TIM) 
Not Used 


Timer Control Register (TCR) 


Read Write Read 


Internal Data Bus 
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the pin must also recognize the low state on the pin 
in order to "re-arm" the internal logic. Therefore, the 
period can be calculated as follows : (assumes 
50/50 duty cycle for a given period). 

1 


tcyc X 2 + 250ns = period = 
freq 


The period is not simply twi + twH. This computation 
is allowable, but it does reduce the maximum allow- 
able frequency by defining an unnecessarily longer 
period (250ns twice). 


When the 2 signal is used as the source, it can be 
gated by an input applied to the TIMER input pin 
allowing the user to easily perform pulse-width 
measurements. (NOTE : For ungated 2 clock in- 
puts to the timer prescaler, the TIMER pin should be 
tied to Vcc). The source of the clock input is one of 
the mask options that is specified before manufac- 
ture of the MCU. 


A prescaler option can be applied to the clock input 
that extends the timing interval up to a maximum of 
128 counts before decrementing the counter. This 
prescaling mask option is also specified before 
manufacture. To avoid truncation errors, the pres- 
caler is cleared when bit 3 of the timer counter reg- 
ister is written to a logic one. (This bit always needs 
a logic 0). 


The timer continues to count past zero, falling from 
$00 to $FF and then continuing the countdown. 
Thus, the counter can be read at any time by read- 
ing the timer data register (TDR). This allows a pro- 
gram to determine the length of time since a timer 
interrupt has occurred without disturbing the count- 
ing process. 


At power-up or reset, the prescaler and counter are 
initialized with all logical ones, the timer interupt re- 
quest bit (bit 7) is cleared and the timer interrupt 
mask bit (bit 6) is set. 


EF6805P2 


SELF-CHECK 


The self-check capability of the EF6805P2 MCU 
provides an internal check to determine if the part is 
functional. Connect the MCU as shown in figure 9 
and monitor the output of port C bit 3 for an oscilla- 
tion of approximately 7Hz. A 10 volt level on the 
TIMER input, pin 7, energizes the ROM-based self- 
check feature. The self-check program exercises 
the RAM, ROM, TIMER, interrupts, and 1/O ports. 


RESETS 


The MCU can be reset three ways : by initial power- 
up, by the external reset input (RESET) and by op- 
tional, internal, low-voltage detect circuits. The 
RESET input consists mainly of a Schmitt trigger 
that senses the RESET line logic level. A typical 
reset Schmitt trigger hysteresis curve is shown in 
figure 11. The Schmitt trigger provides an internal 
reset voltage ifit senses alogical zero onthe RESET 
pin. 


POWER-ON RESET (POR) 


An internal reset is generated upon power-up that 
allows the internal clock generator to stabilize. A 
delay of taut milliseconds is required before allow- 
ings the RESET input to go high. See the power and 
reset timing diagram (see figure 10). Connecting a 
capacitor to the RESET input (see figure 12) typi- 
cally provides sufficient delay. During power-up, the 
Schmitt trigger switches on (removes reset) when 
RESET rise to Vires’. 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine 
cycle (tcyc). Under this type of reset, the Schmitt trig- 
ger switches off are Virnes- to provide an internal 
reset voltage. 
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Figure 9 : Self-check Connections. 


EFG805P2 


Vss=Pin 1 


*This connection depends on the clock oscillator user selectable mask option 


Use crystal if that option is selected 


SELF-CHECK ERROR PATTERNS 


All 4 LEDs Flashing 


Note : When PC1 or PCO is 0, the LED is on. 


LOW VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a 
reset of the MCU if the power supply voltage falls 
below a certain level (Vivi). The only requirement is 
that the Vcc must remain at or below the VLv: thre- 
shold for one teye minimum. 


In this applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less 
than one tcyc. The output from the low-voltage de- 
tector is connected directly to the internal reset cir- 
cuitry. It also forces the RESET pin low via a strong 
discharge device through a resistor. The internal 


10/30 


reset is removed once the power supply voltage 
rises above a recovery level (VLvr) at which time a 
normal power-one reset occurs. 


INTERNAL CLOCK GENERATORS OPTIONS 


The internal clock generator circuit is designed to 
require a minimum of external components. A crys- 
tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari- 
ous stability/cost tradeoffs. 


A manufacturing mask option is used to select crys- 
tal or resistor operation. 
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The different connection methods are shown in 
figure 13. Crystal specifications and suggested PC 
board layouts are given in figure 14. A resistor se- 
lection graph is given in figure 15. 


The crystal oscillator start-up time is a function of 
many variables : crystal parameters (especially Rs, 
oscillator load capacitances, IC parameters, am- 
bient temperature, supply voltage and supply vol- 
tage turn-on time). To ensure rapid oscillator 
start-up, neitherthe crystal characteristics nor the 
load capacitances should exceed recommenda- 
tions. 


Figure 10 : Power and Reset Timing. 


Figure 11 : Typical Reset Schmitt Trigger Hyste- 
resis. 


EF6805P2 


When utilizing the on-board oscillator, the MCU 
should remain in the reset condition (RESET pin 
voltage below Vires’) until the oscillator has stabi- 
lized at its operating frequency. Several factors are 
involved in calculating current specifications. 


One Vcc minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent 
on the capacitor value. The charging current is sup- 
plied from Vcc through a large resistor, so its func- 
tions almost like a constant current source until the 
reset voltages rises above Vires’. Therefore, the 
RESET pin will charge a approximately 


(Vires’) . Cext = IRES . tRHL 


“Dip” 
In Power 


Figure 12 : Power-up Reset Delay Circuit. 
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Figure 13 : Clock Generator Options. 


(See Note) (J , EF6805P2 oe EF6805P2 
EXTAL MCU MCU 
(Crystal Mask (Resistor Mask 
Option) Option) 


Crystal Approximately 25% to 50% Accuracy 
External Jumper 


XTAL 


EF6805P2 
(See Figure 16) EXTAL MCU 
(Resistor Mask 
Option) 


External — EF6805P2 
Clock 4} EXTAL MCU 
Input (Crystal Mask 
Option) Connection 


External Clock Approximately 10% to 25% Accuracy 
External Resistor 
(Excludes Resistor Tolerence) 


Note : The recommended Cz value with a 4.0MHz crystal is 27pF, maximum, including system distributed capacitance. There is an internal ca- 
pacitance of approximately 25pF on the XTAL pin For crystal frequencies other than 4MHz, the total capacitance on each pin should be 
scaled as the inverse of the frequency ratio. For example, with a 2MHz crystal, use approximately 50pF on EXTAL and approximately 
25pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used 


Figure 14 : Crystal Motional ARM Parameters and Suggested PC Board Layout. 


Crystal Parameters 
AT - Cut Parallel Resonance Crystal 


Co = 7pF Max. 
Freq = 4.0MHz @ C, = 24pF 


Rs = 50 OMax. 


Note : Piezoelectric ceramic resonators which have the equivalent specifications may be use instead of crystal oscillator. Follow ceramic reson- 
ator manufacturer’s suggestions for Co, C; and Rs values.. 


V0 a7 SGS-THOMSON 
S/ | MICROELECTRONICS 
248 


EF6805P2 


Figure 14 : Crystal Motional Arm Parameters and Suggested PC Board Layout (continued). 


Oscillator Frequency (MHz) 


30 


NOTE: Keep crystal leads and circuit 


connections as short as possible 


Resistance (kf) 


INTERRUPTS 


The EF6805P2 MCU can be interrupted three dif- 
ferent ways through the external interrupt (INT) input 
pin, the internal timer interrupt request, or the soft- 
ware interrupt instruction (SWI). When any interrupt 
occurs, the current instruction (including SWI) is 
completed, processing is suspended, the present 
CPU state is pushed onto the stack, the interrupt bit 
(I) in the condition code register is set, the address 
of the interrupt routine is obtained from the appro- 
priate interrupt vector address and the interrupt rou- 
tine is executed. Stacking the CPU registers, setting 


the | bit, and vector fetching requires a total of 11 
tcye periods for completion. 


A flowchart of the interrupt sequence is shown in 
figure 16. The interrupt service routine must end with 
a return from interrupt (RTI) instruction which allows 
the MCU to resume processing of the program prior 
to the interrupt (by unstacking the previous CPU 
state). Unlike RESET, hardware interrupts do not 
cause the current instruction execution to be halted, 
but are considered pending until the current instruc- 
tion execution is complete. 
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When the current instruction is complete, the pro- 
cessor checks all pending hardware interrupts and 
if unmasked, proceeds with interrupt processing ; 
otherwise, the next instruction is fetched and ex- 
ecuted. Note that masked interrupts are latched for 
later interrupt device. 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex- 
ecuted as any other instruction. 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT. A sinusoidal 
input signal (fint maximum) can be used to gener- 
ate an external interrupt, as shown in figure 17(a), 
for use as a zero-crossing detector (for negative 
transitions of the ac sinusoid). This allows applica- 
tions such as servicing time-of-day routines and en- 
gaging/disengaging ac power control devices. 
Off-chip full-wave rectification provides an interrupt 
at every zero crossing of the ac signal and thereby 
provides a 2f clock. 


For digital applications, the INT pin can be driven by 
a digital signal. The maximum frequency of a signal 
that can be recognized by the TIMER or INT pin logic 
is dependent on the parameter labeled tw, twu. The 
pin logic that recognizes the high (or low) state on 
the pin must also recognize the low (or high) state 
on the pin in order to "rearm" the internal logic. 
Therefore, the period can be calculated as follows : 
(assumes 50/50 duty cycle for a given period) 
1 


teye X 2 + 250ns = period = —— 
freq 


The period is not simply tw + two. This computation 
is allowable, but it does reduce the maximum allow- 
able frequency by defining an unnecessarily longer 
period (250 ns twice). See figure 17(b). 


A software interrupt (SWI) is an executable instruc- 
tion which is executed regardless of the state of the 
| bit in the condition code register. Note that if the | 
bit is zero, SWI executes after the other interrupts. 
SWIls are usually used as break-points for de- 
bugging or as system calls. 


Figure 16 : RESET and Interrupt Processing Flowchart. 


1-41 (in CCR) 
O7F— SP 
0—DDRs 

CLR INT Logic 
FF—Timer 

7F ~Prescaler 
7F—TCR 


Put 7FE on 
Address Bus 


* Fetch 
Instruction 


RESET 
Pin- Low 
RESET 
Pin= High 
Load PC 


from 


7FE/7FF 
Execute All 


Instruction 
Cycles 


Load PC From 
SWI 7FC/7FD 
INT 7FA/7FB 
TIMER 7F8 /7F9 


PC=PC+1 


14/30 
key SGS-THOMSON 
7 wicrogtectromes 
250 


Figure 17 : Typical Interrupt Circuits. 


(a) Zero-Crossing Interrupt 


ac Input (Current 


(fin Max.) Limiting) 


R<im2 MCU 
ac Input < R 
10 Vac p-p 

cA) 


INPUT/OUTPUT —— 

There are 20 input/output pins. The INT pin may also 
be polled with branch instructions to provide an ad- 
ditional input pin. All pins (port A, B, and C) are pro- 
grammable as either inputs or outputs under 
software control of the corresponding write-only 
data direction register (DDR). The port I/O pro- 
gramming is accomplished by writing the corre- 
sponding bit in the port DDR to a logic "1" for output 
or a logic "0" state to put the ports in the input mode. 
To avoid undefined levels, the port output registers 
are not initialized on reset, but may be written be- 
fore setting the DDR bits. When programmed as 
outputs, the latched output data is readable as input 
data, regardless of the logic levels at the output pin 
due to output loading ; see figure 18. When port B 
is programmed for outputs, it is capable of sinking 
10mA and sourcing 1mA on each pin. 

All input/output lines are TTL compatible as both in- 
puts and outputs. Ports B and C are CMOS com- 
patible as inputs. Port A may be made CMOS 
compatible as outputs with a mask option. The ad- 
dress map in figure 5 gives the address of data reg- 
isters and DDRs. The register configuration is 


EF6805P2 


EF6805P2 


(b) Digital-Signal Interrupt 
Vcc 


TIL 47k 


Level — EF6805P2 
Digital MCU 


Input 


provided in figure 19 and figure 20 provides some 
examples of port connections. 


Caution 


The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, 
$005, $006). A read operation on these regis- 
ters is undefined. Since BSET and BCLR are 
read-modify-write functions, they cannot be 
used to set or clear a DDR bit (all "unaffected" 
bits would be set). It is recommended that all 
DDR bits in a port be written using a single- 
store instruction. 


The latched output data bit (see figure 18) may al- 
ways be written. Therefore, any write to a port writes 
all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg- 
isters and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions since the data read corresponds to the 
pin level ifthe DDR is an input ("0") and corresponds 
to the latched output data when the DDR is an out- 
put ("1"). 
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Figure 18 : Typical Port I/O Circuitry. 
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* DDR is a write-only register and reads as all "1s" 
** Ports A (with CMOS drive disabled), B, and C are three state ports Port A has optional intemal pullup devices to provide CMOS drive capability 
See Electrical Characteristics tables for complete information 


Figure 19 : MCU Register Configuration. 


PORT DATA REGISTER ; PORT DATA DIRECTION REGISTER (DDR) 0 
Port A Addr= $000 (1) Write Only; reads as all "1s" 


Port B Addr= $001 {2) 1=Output; O=Input Cleared to 0 by reset 


Port C Addr= $002 (Bits O—+3) (3} Port A Addr= $004 
Port B Addr= $005 


Port GC Addr= $006 (Bits 0—>3) 


TIMER CONTROL REGISTER (TCR) TIMER DATA REGISTER (TDR) 


7 6 5 4 3 2 1 0 
2 EE EE. 
TCR7—Timer Interrupt Status Bit Set when TDR goes 
to zero, must be cleared by software Cleared to 
O by reset 
TCR6 Bit 6— Timer Interrupt Mask Bit 1= timer inter- 


rupt masked (disabled) Set to 1 by reset 
TCR Bits 5, 4, 3, 2, 1, O read as ‘1s’ — unused bits 
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Figure 20 (a) : Typical Output Mode Port Connections. 


PORT DATA REGISTER j PORT DATA DIRECTION REGISTER (DDR) 


0 
Port A Addr= $000 (1) Write Only, reads as all ’1s** 
Port B Addr= $001 (2) 1=Output, O= Input. Cleared to 0 by reset 
Port C Addr= $002 (Bits O—+3} (3) Port A Addr = $004 


Port B Addr = $005 
Port G Addr = $006 (Bits O—>3) 


TIMER CONTROL REGISTER (TCR) TIMER DATA REGISTER (TDR) 


7 6 5 4 3 2 1 0 
Lo} tote feds fe et J s00e 
TCR7—Timer Interrupt Status Bit Set when TDR goes 

to zero, must be cleared by software Cleared to 
O by reset 
TCR6 Bit 6— Timer Interrupt Mask Bit 1= timer tnter- 


rupt masked (disabled). Set to 1 by reset 
TCR Bits 5, 4, 3, 2, 1, O read as ‘’1s’’ — unused bits 


Figure 20 (b) : Typical Output Mode Port Connections. 


V/ 
\/ 


SN74LS04 
or 
MC14069 
(Typical) 


SN74LS04 
(Typical) 


7; 
\/ 


CMOS or TTL driving port B directly 


(Typical) 


SN74LS04 
(Typical) 
CMOS and TTL driving port C directly 
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SOFTWARE 


BIT MANIPULATION 


The EF6805P2 MCU has the ability to set or clear 
any single random access memory or input/output 
bit (except the data direction register, see Caution 
below), with a single instruction (BSET, BCLR). Any 
bit in page zero including ROM, except the DDRs, 
can be tested, using the BRSET and BRCLR ins- 
tructions, and the program branches as a result of 
its state. The carry bit equals the value of the bit ref- 
erenced by BRSET or BRCLR. A rotate instruction 
may then be used to accumulate serial input data in 
a RAM location or register. The capability to work 
with any bit in RAM, ROM, or I/O allows the user to 
have individual flags in RAM or to handle I/O bits as 
control lines. 


The coding example in figure 21 illustrates the use- 
fulness of the bit manipulation and test instructions. 


Figure 21 : Bit Manipulation Example. 


Seral 
Device 


ADDRESSING MODES 


The EF6805P2 MCU has 10 addressing modes 
which are explained briefly in the following para- 
graphs. For additional details and graphical illustra- 
tions, refer to the 6805 Family User’s Manual. 


The term "effective address" (EA) is used in describ- 
ing the address modes. EA is defined as the address 
from which the argument for an instruction is fetched 
or stored. 


IMMEDIATE - In the immediate addressing mode, 
the operandis contained in the byte immediately fol- 
lowing the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g;, a constant 
used to initialize a loop counter). 


Assume that the MCU is to communicate with an 
external serial device. 


The external device has a data ready signal, a data 
output line, and a clock line to clock data one bit at 
a time. LSB first, out of the device. The MCU waits 
until the data is ready, clocks the external device, 
picks up the data in the carry flag (C bit), clears the 
clock line, and finally accumulates the data bit in a 
RAM location. 


Caution 


The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since BSET and BCLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all "unaf- 
fected" bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 


2, PORTA, SELF 


1, PORTA 

O, PORTA, CONT 
1, PORTA 
RAMLOC 


DIRECT - In the direct addressing mode, the effec- 
tive address of the argumentis contained in a single 
byte following the opcode byte. Direct addresing 
allows the user to directly address the lowest 256 
bytes in memory with a single 2-byte instruction. 
This includes the on-chip RAM and I/O registers and 
128 bytes of ROM. Direct addressing is an effective 
use of both memory and time. 


EXTENDED - In the extended addressing mode, the 
effective address of the argumentis contained in the 
two bytes following the opcode. Instructions using 
extended addressing are capable of referencing ar- 
guments anywhere in memory with a single 3-byte 
instruction. When using the Motorola assembler, the 
programmer need not specify whether an instruc- 
tion uses direct or extended addressing. The as- 
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sembler automatically selects the shortest for of the 
instruction. 


RELATIVE - The relative addressing mode is only 
- used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if and only if 
the branch condition is true. Otherwise, control pro- 
ceeds to the next instruction. The span of relative 
addressing is from - 126 to + 129 from the opcode 
address. The programmer need not worry about cal- 
culating the correct offset when using the Motorola 
assembler since it calculates the proper offset and 
checks to see if it is within the span of the branch. 


INDEXED, NO OFFSET - In the indexed, no offset 
addressing mode, the effective address of the argu- 
ment is contained in the 8-bit index register. Thus, 
this addressing mode can access the first 256 mem- 
ory locations. These instructions are only one byte 
long. This mode is often used to move a pointer 
through a table or to hold the address of a frequen- 
tly referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET - In the indexed, 8-bit off- 
set addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg- 
ister and the unsigned byte following the opcode. 
This addressing mode is useful in selecting the kth 
element in an n element table. With this 2-byte ins- 
truction, k would typically be in X with the address 
of the beginning of the table in the instruction. As 
such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as lo- 
cation 510 ($1FE is the last location at which the ins- 
truction may begin). 


INDEXED, 16-BIT OFFSET - In the indexed, 16-bit 
offset addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg- 
ister and the two unsigned bytes following the op- 
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset, except that 
this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended addressing, 
the Motorola assembler determines the shortest 
form of indexed addressing. 


BIT SET/CLEAR - In the bit set/clear addressing 
mode, the bit to be set or cleared is part of the op- 
code, and the byte following the opcode specifies 
the direct address of the byte in which the specified 
bit is to be set or cleared. Thus, any read/write bit in 
the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single 2-byte ins- 
truction. 


Caution 
The corresponding DDRs for ports A, B, and C 
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are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since BSET and BCLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all “unaf- 
fected" bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 


BIT TEST AND BRANCH - The bit test and branch 
addressing mode is acombination of direct address- 
ing and relative addressing. The bit and condition 
(set or clear) which,is to be tested is included in the 
opcode, and the address of the byte to be tested is 
in the single byte immediately following the opcode 
byte. The signed relative 8-bit offset is in the third 
byte and is added to the value of the PC if the branch 
condition is true. This single 3-byte instruction allows 
the program to branch based on the condition of any 
readable bitin the first 256 locations of memory. The 
span of branching is from - 125 to + 130 from the 
opcode address. The state of the tested bit is also 
transferred to the carry bit of the condition code reg- 
ister. 


Caution 


The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since BSET and BCLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all "unaf- 
fected" bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 


INHERENT - In the inherent addressing mode, all 
the information necessary to execute the instruction 
is contained in the opcode. Operations specifying 
only the index register or accumulator, as well as 
control instruction with no other arguments, are in- 
cluded in this mode. These instructions are one byte 
long. 


INSTRUCTION SET 


The EF6805P2 MCU has a set of 59 basic instruc- 
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 


REGISTER/MEMORY INSTRUCTIONS - Most of 
these instructions use two operands. One operand 
is either the accumulator or the index register. The 
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other operand is obtained from memory using one 
of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions 
have no register operands. Refer to table 1. 


READ-MODIFY-WRITE MODIFICATIONS - These 
instructions read a memory location or a register, 
modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is included in 
read-modify-write instructions through it does not 
perform the write. Rfer to table 2. 


Caution 


The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since BSET and BCLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all "unaf- 
fected” bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 


BRANCH INSTRUCTIONS - The branch instruc- 
tions cause a branch from the program when a Ccer- 
tain condition is met. Refer to table 3. 
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BIT MANIPULATION INSTRUCTIONS - These ins- 
tructions are used on any bit in the first 256 bytes of 
the memory. One group either sets or clears. The 
other group performs the bit test branch operations. 
Refer to table 4. 


Caution 


The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since BSET and BCLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all "unaf- 
fected" bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 


CONTROL INSTRUCTIONS - The control instruc- 
tions control the MCU operations during program 
execution. Refer to table 5. 


ALPHABETICAL LISTING - The complete instruc- 
tion set is given in alphabetical order in table 6. 


OPCODE MAP SUMMARY - Table 7 is an opcode 
map for the instructions used on the MCU. 


ky SGS-THOMSON 


MICROELECTRONICS 


256 


LS¢ 


NOSWOHL-S9S thy 


SOINOULIATIOUSIN 


O€/Le 


| immeaite | ovect__ | __entendea_| _inoortean | iamnovisey | rien ovsen_| 

Immediate Extended (No Offset) (8 Bit Offset) (16 Bit Offset) 

[Fen Jnana avin eee xem ann | a | ene ede ve exces xe 
Code] Bytes| Cycles | Code/Bytes| Cycles | Code|Bytes | Cycles | Code |Bytes| Cycles | Code|Bytes | Cycles | Code |Bytes | Cycles 


[Lead Atrom Memory | _1DA | AB 
Laetion veer aoa eae ees eee eet ee ee a 

[Siere Ain Memon | STA [== | [ste] s [ets] s {r[1}s [e[z7]*sforlsal7 | 
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Table 3 : Branch Instructions. 


TT rrative Acaressing Moc] 
___Fanetion | tnemonic |e 28e | ytes | cytios 
Branch Never OSSSSCSCSC~S~S~ir Ne 
Perench FF Higher ——SCSC~C~“~*~*~‘“*~*~*~*~‘“~*~dSC*CiaSC‘dCi Ck 
Branch IEF Carry Clear —~=~S*~=“‘*‘“‘*‘“*‘“~*~*tCSC‘iCSC‘dC‘i STC 


Branch IFF Not Equal BNE 26 


NO 


Ne) 
| 


- 
+ 


ie) 


[26 
er 
[28 
[29 
[AD 


Table 4 : Bit Manipulation Instructions. 
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pm | ele otal eta lete 

Code | Bytes | Cycles| Code | Bytes | Cycles 
[Branch iFF Bitnisset_ | BRSETn(n=0..7) | | | sf aen | 3 | 10 | 
Branch FF Bitnis clear | BACLAn(n=0..7) | | | _[ptse-n] 9 | 10 


jSetsitn | BET (n=0..7)  fiovaenf 2 | 7 | | | 
[ClearBtn | BCL (n=O... 7) frre2enf 2 | 7 ff | | 
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Table 5 : Control Instructions. 


Transfer A to X 
Transfer X to A 
Set Carry Bit 


Clear Carry Bit 


Set Interrupt Mask Bit 
Clear Interrupt Mask Bit 
Software Interrupt 
Return from Subroutine 
Return from Interrupt 
Reset Stack Pointer 
No-operation 


Table 6: Instruction Set. 


Addressing Modes Condition Code 
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cae Instruction Set (continued). 


Addressing Modes Condition Code 
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Condition Code Symbols : Z Zero 

H Half Carry (from bit 3) Cc Carry/oorrow 

| Interrupt Mask é Test and Set if True, Cleared Otherwise 
N Negative (sign bit) ° Not Affected 
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HMOS 6805 FAMILY 


[Bicrestional VOLines | 20 | 20 ~+| 24 | 24 '| a *i| ae 
Unidirectional /O Lines 
2 
No 


24 
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BRSET! BSET! 


BRSET3 ; 
BRCLES : 
BRSET4 * BHCC 
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BRCLAG 
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BRCLAT 


Abbreviations for Address Modes 


INH 
IMM 
DIR 
EXT 


Inherent 

Immediate 

Direct 

Extended 

Relative 

Bit Set/ Clear 

Bit Test and Branch 

Indexed (No Offset) 

Indexed, 1 Byte (8-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 
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Mnemonic 
Bytes 


Opcode tn Binary 


Address Mode 


¢dS08944 


EF6805P2 


PACKAGE MECHANICAL DATA 
CB-132 PLASTIC PACKAGE 


e=2,54(2) 4.57 max. 


(1) Nominal dimension 
(2) True geometrical position 


2 8 Pins 


CB-—520 PLCC28 
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ORDERING INFORMATION 


The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS-THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 


To initiate a ROM pattern for the MCU, it is necess- 
ary to first contact your local SGS-THOMSON re- 
presentative or distributor. 


EPROMs 


One 2716 or 2732 type ERPROMs, programmed with 
the customer program (positive logic sense for ad- 
dress and data), may be submitted for pattern 
generation. 


XXX 


080 


XXX = Customer ID) 


After the EPROM is marked, it should be placed in 
conductive IC carriers and securely packed. Do not 
use styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re- 
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica- 
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re- 
turned to SGS-THOMSON. The signed verification 
form constitutes the contractual agreement for cre- 
ation of the customer mask. If desired, SGS-THOM- 
SON will program on blank EPROM from the data 
file used to create the custom mask and aid in the 
verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi- 
ency they are usually unmarked, packaged in ce- 
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask change 
and are not production parts. The RVUs are thus not 
guaranteed by SGS THOMSON. Quality Assur- 
ance, and should be discarded after verification is 
completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 


The customer must write the binary file name and 
company name on the disk with a felt-tip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6805 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con- 
sider submitting a source listing as well as the fol- 
lowing files : filename .LX (DEVICE/EXORCciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in- 
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft- 
ware errors and needs assistance quickly from 
SGS-THOMSON factory representatives. 

EFDOS is SGS-THOMSON Disk Operating System 
available on development systems such as DE- 
VICE... 

MDOS* is MOTOROLA’s Disk Operating System 
available on development systems such as EXOR- 
ciser... 

* Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local SGS- THOMSON representative or 
SGS-THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to your 


local SGS-THOMSON Microelectronics representative. 
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ORDER CODES 


EF6805P2 


mee Screen level 


Oper. temp. 


Device 


Package 


The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 


Device 
pe] of P| ojen{ et] v | ot 
JEresosp2(iomHz) | | |e! jejeje! | 
Examples : EF6805P2P, EF6805P2FN, EF6805P2PLD, EF6805P2FNLD. 


Package : C : Ceramic DIL, J : Cerdip DIL, P : Plastic DIL, E: LCCC, FN : PLCC 

Oper. temp. : L*: 0°C to + 70°C, V:—40 °C to + 85°C, T :— 40°C to + 105°C, * : may be omitted 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

EXORciser Is a registered trademark of MOTOROLA Inc 


Screening Level 
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EF6805 FAMILY - MCU CUSTOMER ORDERING SHEET 


Commercial reference | | | | | | Customer name 


Company 
Address 


Customer’s marking | | | | | Phone 


Specification reference ; 


Application [.1 SGS-THOMSON Microelectronic reference 


ROM capacity required : 
Temperature range : ee 
[1 0°C/+70°C ae 

lL} -40°C/+85°C 5 


OC) —40°C/+405°C Other* (customer’s quality specification ref.) : 


Software developped by : 
meekage J SGS-THOMSON Microelectronic application lab. 


= tea (J External tab. 
Customer 


PATTERN MEDIA (a listing may be supplied in addition OPTION LIST 
for checking purpose) : 

EPROM Reference : -Oscillator input - Low voltage inhibit : 
(J EFDOS/MDOS* disk file L} Xtal (J Enabled 


LI 8" floppy JI RC (J Disabled 
LJ 5" 1/4 floppy 


- Port A output drive : - Timer clock source : 
Other * [J CMOS and TTL [J Internal @2 clock 
LI TTLonly J TIMER input pin 


- Timer Prescaler 

LJ 2° (divide by 1) 24 (divide by 16) 
LJ 2! (divide by 2) 2° (divide by 32) 
LI 2° (divide by 4) 28 (divide by 64) 
LJ 2° (divide by 8) 2’ (divide by 128) 


- Internal max. clock fre- 
quency : 
LJ 1.0MHz 


Yearly quantity forecast start of production date : 
for a shipment period of : 


CUSTOMER CONTACT NAME : SIGNATURE : 
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{ SGS-THOMSON 
SF MICROELECTRONICS EF6805P6 


8-BIT MICROCOMPUTER UNIT 


ADVANCE DATA 
HARDWARE FEATURES 


a 8-BIT ARCHITECTURE 
a 64 BYTES OF RAM 

a MEMORY MAPPED I/O 

a 1796 BYTES OF USER ROM 

a 20 TTL/CMOS COMPATIBLE BIDIRECTIONAL 
I/O LINES (8 lines are LED compatible) 

un ON-CHIP CLOCK GENERATOR 

a SELF-CHECK MODE 

a ZERO CROSSING DETECTION 

a MASTER RESET 

a COMPLETE DEVELOPMENT SYSTEM SUP- 
PORT ON INICE® 

a 5V SINGLE SUPPLY 


SOFTWARE FEATURES 

a SIMILAR TO 6800 FAMILY 

a» BYTE EFFICIENT INSTRUCTION SET 

a EASY TO PROGRAM 

a TRUE BIT MANIPULATION 

a BIT TEST AND BRANCH INSTRUCTION 

a VERSATILE INTERRUPT HANDLING 

a» VERSATILE INDEX REGISTER 

» POWERFUL INDEXED ADDRESSING FOR 
TABLES 

a FULL SET OF CONDITIONAL BRANCHES 

a MEMORY USABLE AS REGISTER/FLAGS 

a SINGLE INSTRUCTION MEMORY 
EXAMINE/CHANGE 

» 10 POWERFUL ADDRESSING MODES 

a ALL ADDRESSING MODES APPLY TO ROM, 
RAM, AND I/O 


28 LE RESET 


USER SELECTABLE OPTIONS 

» INTERNAL 8-BIT TIMER WITH SELECTABLE 
CLOCK SOURCE (external timer input or inter- 
nal machine clock) 

a TIMER PRESCALER OPTION (7 Bits, 2") 

» 8 BIDIRECTIONAL I/O LINES WITH TTL OR 
TTL/CMOS INTERFACE OPTION 

a CRYSTAL OR LOW-COST RESISTOR OSCIL- 
LATOR OPTION eguosee 

a LOW VOLTAGE INHIBIT OPTION 8 

» VECTORED INTERRUPTS : TIMER, SOFT- 
WARE, AND EXTERNAL 

a PORT B OPEN DRAIN DRIVE OPTION 


INICE® SGS-THOMSON development/emulation tool 


May 1989 1/33 


This is advance information on a new product now in development or undergoing evaluation Details are subject to change without notice 
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DESCRIPTION TIMER. It is designed for the user who needs an 


F P§ Microcomputer Unit (MCU) is a economical microcomputer with the proven capa- 
aed aya Family ot eae sents bilities of the 6800-based instruction set. The follow- 


i it mi | f the hardware and software 
microcomputers. This 8-bit microcomputer contains Ing are some oO 
a CPU, on-chip CLOCK, ROM, RAM, I/O, and __ high-lights of the EF6805P6 MCU. 


Figure 1 : EF6805P6 HMOS Microcomputer Block Diagram. 


XTAL EXTAL  AESET NUM INT 


TIMER Prescate 
7 g Counter 
= 


8 A CPU 
Index Control 
Registe 
Be 


Condition 
Code 
5 Register CC 


Stack 
5 Pointer sp 


Program 
Counter 
High PCH 


1796 x 8 Program 
User ROM Counter 
116 X 8 Self- Low PCL 
Check ROM 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ~ 0.3 to + 7.0 


Input Voltage (except pin 6) — 0.3 to + 7.0 
Storage Temperature Range — 55 to + 150 


T, Junction Temperature Plastic 150 
SURPICOP (Plastic chip-carrier) 150 


This device contains circuitry to protect time inputs against damage due to high static voltages or electric fields, however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit For proper operation it 
Is recommended that Vin and Vou be constrained to the range Vss < (Vin Or Vout) < Vec Reliability of operation is enhanced if unused inputs are tied 
to an appropriate logic voltage level (e.g. either Vss or Vcc). 


THERMAL DATA 


BJA Thermal Resistance Plastic 120 °C/W 
SURPICOP (plastic chip-carrier) 120 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C 
can be obtained from : 


Ty = Ta+ (Pp * Qa) (1) 
Where : 
Ta = Ambient Temperature, °C 


@ JA = Package Thermal Resistance, Junction-to- 
Ambient, °C/W 


Pp = Pint + Prort 
Pint = Icc X Voc, Watts - Chip Internal Power 


Pport = Port Power Dissipation, Watts - User Deter- 
mined 


For most applications Prort << Pint and can be ne- 


glected. Peort may become significant if the device 
is configured to drive Darlington bases or sink LED 
loads. 

An approximate relationship between Pp and Ty (if 
Ppont is neglected) is : 


Pp = K+ (Ty + 273°C) (2) 
Solving equations 1 and 2 for K gives : 
K =PD + (Ta + 273°C) + ua * Pp (3) 


Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Pp (at equilibrium) for a known Ta. Using 
this value of K the values of Pp and Ty can be ob- 
tained by solving equations (1) and (2) iteratively for 
any value of Ta. 


ELECTRICAL CHARACTERISTICS (Vcc = + 5.25 Vdc + 0.5 Vdc, Vg = 0 Vdc, Ta = 0°C to 70°C 


unless otherwise noted) 


2 ee eee ae 


Input High Voltage 
RESET (4.75 < Vcc < 5.75) 
_(Vcc < 4.75) 
INT (4.75 < Voc < 5.75) 
(Vcc < 4.75) 
All Other 


Input High Voltage Timer 
Timer Mode 
Self-check Mode 


Input Low Voltage 
RESET 
INT 
All Other 


RESET Hysteresis Voltage 
(See figures 11, 12, and 13) 
"Out of Reset" 
"Into Reset" 


INT Zero Crossing Input Voltage, Through a 


Capacitor 


Internal Power Dissipation — No Port Loading 


Voc =5.75V, Ta = 0°C 
Input Capacitance 
XTAL 
All Other 


Low Voltage Recover 


Low Voltage Inhibit 


Input Current 
TIMER (Vin = 0.4V) 
INT (Vin =2.4V to Voc) 


EXTAL (Vin = 2.4V to Voc, crystal option) 


___ (Vin = 0.4V, crystal option) 
RESET (Vin = 0.8V) 
(external capacitor charging current) 


0 to + 70°C — ae 
— 40 to + 85°C 3.1 3.5 


* Due to internal biasing, this input (when unused) floats to approximately 2 0 Vdc. 
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PORT DC ELECTRICAL CHARACTERISTICS (Voc = + 5.25 Vdc + 0.5 Vdc, Vsg = 0 Vde, Ta = 0°C to 
70°C unless otherwise noted) 


PORT A WITH CMOS DRIVE ENABLED 


Symbol | éParameter =| Min. 
Output Low Voltage, ILoagq = 1.6mMA aay 


nit 
2 an 
[Vou | Output Hoh Vonage, eww == 1A Sida Pid 
[Vin [input High Votage, Icons =—800uA (max) «| 20 | 
ae 


PORT B 


Symbol 


a 

ree 

ain 

[Vor | Output Low Votage, lions =3amA 
ood 

a 


VoL 
Hi-Z State Input Current 


PORT B WITH OPEN DRAIN OPTION 


| Symbol | Parameter | Mins Unit 
| Vor | Output Low Voltage, ILoaw=16mA | | 
| Von | Output High Voltage, oas=- 100A |e | 
i of 
fel 


Input High Voltage 
Input Low Voltage 
Hi-Z State Input Current 
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SWITCHING CHARACTERISTICS (Vcc = + 5.25 Vdc + 0.5 Vdc, Vsg = 0 Vde, Ta = O°C to 70°C 
unless otherwise noted) 


Te 

tos: | Osler Froqensy ——SSSC=C~“~*‘“~*~*~sSCi SS 

[eye | Oyele Tie (fee) —SSSCS~s tO 

in. tune [INT and TIMER Pulse Wath (Goo itorupt secon) [tye + 250[ 

Tin [RESET Pulse Width [tye 3 250 
a! 


0.4 
RESET Delay Time (external capacitance = 10,F) (2 
fiNT INT Zero Crossing Detection Input Frequency 0.03 

(+ 5° accuracy) 


| | External Clock Input Duty Cycle (EXTAL) 
Figure 3 : TTL Equivalent Test Load (port B). Figure 4 : CMOS Equivalent Test Load (port A). 


MMD6150 


or Equiv 15kO 


ee 1.25k@y MMD7000 
(Total) t or Equiv. 


Figure 5: TTL Equivalent Test Load 
(ports A and C). 


MMD6150 


or Equiv. 95 g7k9 


30 pF MMD7000 
(Total) or Equiv 
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SIGNAL DESCRIPTION 


The input and output signals for the MCU, shown in 
figure 1, are described in the following paragraphs. 


Vcc AND Vss. Power is supplied to the MCU using 
these two pins. Vcc is power and Vss is the ground 
connection. 


INT. This pin provides the capability for asynchron- 
ously applying an external interrupt to the MCU. 
Refer to Interrupts section for additional information. 


XTAL AND EXTAL. These pins provide connec- 
tions to the on-chip clock oscillator circuit. A crystal, 
a resistor, or an external signal, depending on the 
user selectable manufacturing mask option, can be 
connected to these pins to provide a system clock 
source with various stability/cost tradeoffs. Lead 
lengths and stray capacitance on these two pins 
should be minimized. Refer to Internal Clock Gener- 
ator Options section for recommendations about 
these inputs. 


TIMER. This pin allows an external input to be used 
to decrement the internal timer circuitry. Refer to 
Timer section for additional information about the 
timer circuitry. 


RESET. This pin allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. Refer to Resets section for ad- 
ditional information. 


NUM. This pin is not for user application and must 
be connected to Vss. 


INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO- 
PC3). These 20 lines are arranged into two 8-bit 
ports (A and B) and one 4-bit port (C). All lines are 
programmable as either inputs or outputs under 
software control of the data direction registers. Refer 
to Inputs/outputs section for additional information. 


MEMORY 


As shown in figure 6, the MCU is capable of ad- 
dressing 2048 bytes of memory and I/O registers 
with its program counter. The EF6805P6 MCU has 
implemented 1984 of these locations. This consists 
of : 1796 bytes of user ROM, 116 bytes of self-check 
ROM, 64 bytes of user RAM, 6 bytes of port I/O, and 
2 timer registers. 


The stack area is used during the processing of in- 
terrupt and subroutine calls to save the processor 
State. The register contents are pushed onto the 
stack in the order shown in figure 7. Because the 
stack pointer decrements uring pushes, the low 
order byte (PCL) of the program counter is stacked 
first ; then the high order three bits (PCH) are 
stacked. This ensures that the program counter is 
loaded correctly, during pulls from the stack, since 
the stack pointer increments during pulls. A subrou- 
tine call results in only the program counter (PCL, 
PCH) contents being pushed onto the stack. The re- 
maining CPU registers are not pushed. 


CENTRAL PROCESSING UNIT 


The CPU of the EF6805 Family is implemented in- 
dependently from the I/O or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with I/O and 
memory via internal address, data, and control 
buses. 


REGISTERS 


The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 8 and 
are explained in the following paragraphs. 


6/33 
eg ee SGS-THOM 
Ay obo Onson 


272 


Figure 6 : MCU Address Map. 


\/O Ports 

Timer 

Page Zero RAM 
Access with (128 Bytes) 

Short 

Instructions Page Zero 
User ROM 
(128 Bytes) 


Main User 
ROM 
(1668 Bytes) 


Self Check 
ROM 
(116 Bytes) 


Timer Interrupt 


Interrupt 2 External Interrupt 


Vectors 


EF6805P6 


Port C $002 


2 
Ti 
« [pon 007 see 
5 [rons 00n | 
6 | Not Used | Port C DDR] $006* 
7 
8 
9 


0 
Timer Data Reg $008 
Timer Control Reg ‘| $009 

A 

F 

$040 


10 $00 
Not Used 

Pe (54 Bytes) $03 

64 


RAM 
(64 Bytes) 


Stack 
(31 Bytes 
Maximum) 


* Caution : Data direction registers (DDRs) are wnte-only ; they read as $FF. 


ky 
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Figure 7 : Interrupt Stacking Order. 


Condition 
Code Register 
Index Register 


* 


For subroutine calls, only PCL and PCH are stacked. 


ACCUMULATOR (A). The accumulator is a general 
purpose 8-bit register used to hold operands and re- 
sults of arithmetic calculations or data manipula- 
tions. 


INDEX REGISTER (X). The index register is an 8- 
bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula- 
tions using the read-modify-write instructions. The 
index register may also be used as a temporary stor- 
age area. 


PROGRAM COUNTER (PC). The program counter 
is an 11-bit register that contains the address of the 
next instruction to be executed. 


STACK POINTER (SP). The stack pointer is an 11- 
bit register that contains the address of the next free 
location on the stack. Initially, the stack pointer is set 
to location $07F and is decremented as data is 
pushed onto the stack and incremented as data is 
pulled from the stack. The six most significant bits 
of the stack pointer are permanently configured to 
000011. During an MCU reset or the reset stack 
pointer (RSP) instruction, the stack pointer is set to 
location $07F. Subroutines and interrupts may be 


nested down to location $061 (31 bytes maximum) 


Figure 8 : Programming Model. 


Accumulator 
Index Register 
Program Counter 


Stack Pointer 


FH] 1} nN] z[c) Condition Code Register 


Carry/ Borrow 


Zero 

Negative 
interrupt Mask 
Half Carry 


which allows the programmer to use up to 15 levels 
of subroutine calls. 


CONDITION CODE REGISTER (CC). The condi- 
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 
state. Each individual condition code register bit is 
explained in the following paragraphs. 


HALF CARRY (H) - Set during ADD and ADC ins- 
tructions to indicate that a carry occurred between 
bits 3 and 4. 


INTERRUPT (I) - This bit is set to mask (disable) the 
timer and external interrupt (INT). If an interrupt oc- 
curs while this bit is set, the interrupt is latched and 
is processed as soon as the interrupt is cleared. 


NEGATIVE (IN) - Used to indicate that the result of 
the last arithmetic, logical, or data manipulation was 
negative (bit 7 in result equal to a logical one). 


ZERO (Z) - Used to indicate that the result of the last 
arithmetic, logical, or data manipulation was zero. 


CARRY/BORROW (C) - Used to indicate that a 
carry or borrow out of the arithmetic logic unit (ALU) 
occurred during the last arithmetic operation. This 
bit is also affected during bit test and branch instruc- 
tions plus shifts and rotates. 


8/33 . 
i a a { SGS-THOMSON 
7 MICROELECTROMICS 


274 


EF6805P6 


TIMER 


The EF6805P6 MCU timer circuitry is shown in 
figure 9. The 8-bit counter may be loaded under pro- 
gram control and is decremented toward zero by the 
clock input (prescaler output). When the timer 
reaches zero, the timer interrupt request bit (bit 7) 
in the timer control register (TCR) is set. The timer 
interrupt can be masked (disabled) by setting the 
timer interrupt mask bit (bit 6) in the TCR. The inter- 
rupt bit (I bit) in the condition code register also pre- 
vents a timer interrupt from being processed. The 
MCU responds to this interrupt by saving the pres- 
ent CPU state on the stack, fetching the timer inter- 
rupt vector from locations $7F8 and $7F9, and 
executing the interrupt routine ; see the Interrupt 
section. THE TIMER INTERRUPT REQUEST BIT 
MUST BE CLEARED BY SOFTWARE. 


The clock input to the timer can be from an external 
source (decrementing of timer counter occurs on a 
positive transition of the external source) applied to 
the TIMER input pin or it can be the internal 62 sig- 


Figure 9 : Timer Block Diagram. 


o2 
(Internal) 


nal. The maximum frequency of a signal that can be 
recognized by the TIMER or INT pin logic is depend- 
ent on the parameter labeled tw, twu. The pin logic 
that recognizes the high (or low) state on the pin 
must also recognize the low (or high) state on the 
pin in order to "re-arm" the internal logic. Therefore, 
the period can be calculated as follows : (assumes 
50/50 duty cycle for a given period) 
1 


tcye X 2 + 250ns = period = 
freq 


The period is not simply tw. + twH. This computation 
is allowable, but it does reduce the maximum allow- 
able frequency by defining an unnecessarily longer 
period (250ns twice). 


When the 2 signal is used as the source, it can be 
gated by an input applied to the TIMER input pin 
allowing the user to easily perform pulse-width 
measurements. (NOTE : For ungated 2 clock in- 
puts to the timer prescaler, the TIMER pin should be 
tied to Vcc). The source of the clock input is one of 


Prescaler 


Timer 


Request Interrupt 


(TIR) Mask (TIM) 


Not Used 


8-Bit Counter 
Timer Data Register (TDR) 


Manufacturing 
Mask 
Options 


Write Read 


Internal Data Bus 
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the mask options that is specified before manufac- 
ture of the MCU. 


A prescaler option can be applied to the clock input 
that extends the timing interval up to a maximum of 
128 counts before decrementing the counter. This 
prescaling mask option is also specified before 
manufacture. 


The timer continues to count past zero, falling 
through to $FF from zero and then continuing the 
count. Thus, the counter can be read at any time by 
reading the timer data register (TDR). This allows a 
program to determine the length of time since a 
timer interrupt has occurred and not disturb the 
counting process. 


At power-up or reset, the prescaler and counter are 
initialized with all logical ones, the timer interrupt re- 
quest bit (bit 7) is cleared, and the timer interrupt 
mask bit (bit 6) is set. 


SELF-CHECK 


The self-check capability of the EF6805P6 MCU 
provides an internal check to determine if the part is 
functional. Connect the MCU as shown in figure 10 
and monitor the output of port C bit 3 for an oscilla- 
tion of approximately 7Hz. A 9-volt level on the 
TIMER input, pin 7, energizes the ROM-based self- 
check feature. The self-check program exercises 
the RAM, ROM, TIMER, interrupts, and I/O ports. 


RESETS 


The MCU can be reset three ways : by initial power- 
up, by the external reset input (RESET), and by an 
optional internal low voltage detect circuit ; see 


figure _11. The internal circuit connected to the 
RESET pin consists of a Schmitt trigger which sen- 
ses the RESET line logic level. The Schmitt trigger 
provides an internal reset voltage if it senses a logic 
"0" onthe RESET pin. During power-up, the Schmitt 
trigger switches on (removes reset) when the 
RESET pin voltage rises to Vines +. When the 
RESET pin voltage falls to a logical "0" for a period 
longer than one teyc, the Schmitt trigger switches off 
to provide an internal reset voltage. The "switch off" 
voltage occurs at Vines -. A typical reset Schmitt trig- 
ger hysteresis curve is shown in figure 12. 


During power-up, a delay of tRHL is needed before 
allowing the RESET input to go high. This time 
allows the internal clock generator to stabilize. Con- 
necting a capacitor to the RESET input, as shown 
in figure 13, typically provides sufficient delay. See 
figure 17 under Interrupts section for the complete 
reset sequence. 


INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to 
require a minimum of external components. A crys- 
tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari- 
ous stability/cost tradeoffs. A manufacturing mask 
option is required to select either the crystal oscilla- 
tor or the RC oscillator circuit. The oscillator fre- 
quency is internally divided by four to produce the 
internal system clocks. 


The different connection methods are shown in 
figure 14. The crystal specifications and suggested 
PC board layouts are given in figure 15. A resistor 
selection graph is given in figure 16. 
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Figure 10 : Self-check Connections. 


Vcc=Pin 3 
Vss=Pin 1 


* This connection depends on the clock oscillator user selectable mask option Use crystal if that option 1s selected 


The crystal oscillator startup time is a function of oscillator startup, neither the crystal characteristics 
many variables : crystal parameters (especially Rs), nor the load capacitance should exceed recommen- 
oscillator load capacitance, IC parameters, ambient dations. 

temperature, and supply voltage. To ensure rapid 
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Figure 11 : Power and RESET Timing. 


“Dip” 
In Power 


Internal 
Reset 


Figure 12 : Typical Reset Schmitt Trigger Hyste- Figure 13 : Power-up Reset Delay Circuit. 
resis. 


Part Of 
EFGE805P6 
MCU 


VBS (G7 SGS-THOMSON 
7 cROELECTROMES 
278 


EF6805P6 


Figure 14 : Clock Generator Options. 


(See Note) (79 EF6805P6 EF6805P6 
4 J EXTAL MCU EXTAL MCU 
(Crystal Mask (Resistor Mask 
Option) Option) 


Crystal Approximately 25% to 50% Accuracy 
Typical tcyc= 1.25 pS 
External Jumper 


5 | XTAL S| XTAL 


tan, EF6805P6 
—= EF6805P6 
sally 4) EXTAL MCU (See Figure 16) 4 | EexXTAL MCU 
oc Re (Resistor Mask 
Input rystal Mask Option) 
Option) Connection 


External Clock Approximately 10% to 25% Accuracy 
External Resistor 
(Exctudes Resistor Tolerence) 


Note : The recommended C. value with a 4.0MHz crystal is 27pF, maximum, including system distributed capacitance There Is an internal ca- 
pacitance of approximately 25pF on the XTAL pin. For crystal frequencies other than 4MHz, the total capacitance on each pin should be 
scaled as the inverse of the frequency ratio. For example, with a 2MHz crystal, use approximately 50pF on EXTAL and approximately 
25pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used. 


Figure 15 : Crystal Motional Arm Parameters and Suggested PC Board Layout. 


Crystal Parameters 


AT - Cut Parallel Resonance Crystal 
Co = 7pF. Max. 

Freq. = 4.0MHz @ CL = 24pF 

Rs = 50Q Max. 


Note : Keep crystal leads and circuit connections as short as possible. 
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Figure 16 : Typical Frequency Selection for Resis- 
tor Oscillator Option. 
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INTERRUPTS 


The EF6805P6 MCU can be interrupted three _dif- 
ferent ways : through the external interrupt (INT) 
input pin, the internal timer interrupt request, or the 
software interrupt instruction (SWI). When any inter- 
rupt occurs : processing is suspended, the present 
CPU state is pushed onto the stack, the interrupt bit 
(I) in the condition code register is set, the address 
of the interrupt routine is obtained from the appro- 
priate interrupt vector address, and the interrupt rou- 
tine is executed. Stacking the CPU registers, setting 
the | bit, and vector fetching requires a total of 11 
tcye periods for completion. 


A flowchart of the interrupt sequence is shown in 
figure 17. Theinterrupt service routine must end with 
a return from interrupt (RTI) instruction which allows 
the MCU to resume processing of the program prior 
to the interrupt (by unstacking the previous CPU 
state). Unlike RESET, hardware interrupts do not 
cause the current instruction execution to be halted, 
but are considered pending until the current instruc- 
tion execution is complete. 


When the current instruction is complete, the pro- 
cessor checks all pending hardware interrupts and 
if unmasked, proceeds with interrupt processing ; 
otherwise, the next instruction is fetched and ex- 
ecuted. Note that masked interrupts are latched for 
later interrupt service. 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex- 
ecuted as any other instruction. 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT. A sinusoidal 
input signal (finr maximum) can be used to gener- 
ate an external interrupt, as shown in figure 18(a), 
for use as a zero-crossing detector. This allows ap- 
plications such as servicing time-of-day routines 
and engaging/disengaging ac power control de- 
vices. Off-chip full wave rectification provides an in- 
terrupt at every zero crossing of the ac signal and 
thereby provides a 2f clock. 

For digital applications, the INT pin can be driven by 
a digital signal. The maximum frequency of a signal 
thatcan be recognized by the TIMER or INT pin logic 
is dependent on the parameter labeled tw, tw. The 
pin logic that recognizes the high (or low) state on 
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Figure 17 : RESET and Interrupt Processing Flowchart. 


J (in CCR) 
O7F —— SP 
O~—DDRs 

CLR INT Logic 
FF —Timer 

7F—Prescaler 
7F—TCR 


Put 7FE on Load PC From 


Address Bus SWI 7FC/7FD 
INT 7FA/7FB 
TIMER 7F8 /7F9 


Instruction 


RESET 
Pin=High 


Load PC 
from 


7FE/7FF 
Execute All 


instruction 
Cycles 


Figure 18 : Typical Interrupt Circuits. 


(a) Zero-Crossing Interrupt (b) Digital Signal a 
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the pin must also recognize the low (or high) state 
on the pin in order to "re-arm" the internal logic. 
Therefore, the period can be calculated as follows : 
(assumes 50/50 duty cycle for a given period). 

1 


tcyc X 2 + 250ns = period = 


freq 


The period is not simply tw. + twH. This computation 
is allowable, but it does reduce the maximum allow- 
able frequency by defining an unnecessarily longer 
period (250ns twice). See figure 18(b). 


A software interrupt (SWI) is an executable instruc- 
tion which is executed regardless of the state of the 
| bit in the condition code register. SWls are usually 
used as break-points for debugging or as system 
calls. 


INPUT/OUTPUT 


There are 20 input/output pins. The INT pin may also 
be polled with branch instructions to provide an ad- 
ditional input pin. All pins (port A, B, and C) are pro- 
grammable as either inputs or outputs under 
software control of the corresponding data direction 
register (DDR). The port I/O programming is accom- 
plished by writing the corresponding bit in the port 
DDR to a logic "1" for output or a logic "0" for input. 
On reset, all the DDRs are initialized to a logic "0" 
state to put the ports in the input mode. The port out- 
put registers are not initialized on reset but may be 
written to before setting the DDR bits to avoid un- 
defined levels. When programmed as outputs, the 
latched output data is readable as input data, re- 


gardless of the logic levels at the output pin due to 
output loading ; see figure 19. When port B is pro- 
grammed for outputs, it is capable of sinking 10mA 
and sourcing 1mA on each pin. 


All input/output lines are TTL compatible as both in- 
puts and outputs. Ports B and C are CMOS com- 
patible as inputs. Port A may be made CMOS 
compatible as outputs with a mask option. The ad- 
dress map in figure 6 gives the address of data reg- 
isters and DDRs. The register configuration is 
provided in figure 20 and figure 21 provides some 
examples of port connections. 


Caution 


The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since BSET and BCLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all “unaf- 
fected" bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 


The latched output data bit (see figure 19) may al- 
ways be written. Therefore, any write to a port writes 
all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg- 
isters and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions since the data read corresponds to the 
pin level if the DDR is an input ("0") and corresponds 
to the latched output data when the DDR is an out- 


put ("1"). 
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Figure 19 : Typical Port I/O Circuitry. 


Data 
Direction Register 
Bit® 


Latched 
Output 
Data 
Bit 


wn 
Cc 
«a 2 
Cl 
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oO 
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Data 
Direction 
Register 

Bit 


* DDR is a write-only register and reads as all "1s" 
** Ports A (with CMOS drive disabled), B and C are three state ports Port A has optional intemal pullup devices to provide CMOS drive capability. 
See Electrical Characteristics tables for complete information 
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Figure 20 : MCU Register Configuration. 
PORT DATA REGISTER 


Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 (Bits O—~3) 


HIMERK CONTROL REGISTER (TCR) 


7 6 2) 4 3 2 1 0 
2 Ee 
TCR7 — Timer Interrupt Status Bit. Set when TDR goes 
to zero; must be cleared by software. Cleared to 
0 by reset. 
TCR6 Bit 6— Timer Interrupt Mask Bit: 1= tmer inter- 


rupt masked (disabled). Set to 1 by reset. 
TCR Bits 5, 4, 3, 2, 1, 0 read as ‘'1s"" — unused bits. 


PORT DATA DIRECTION REGISTER (DDR) 


7 0 
(1) Write Only; reads as all ‘’1s’ 
(2) 1= Output, U=input. Cleared to U by reset 
(3) Port A Addr = $004 


Port B Addr = $005 
Port G Addr= $006 (Bits O—~3) 


IIMER DATA REGISTER (TDR) 


7 0 
MSB LSB 3008 


Figure 21 (a) : Typical Output Mode Port Connections. 


(CMOS Loads) 


(1 TTL Load) 


Port A, bit 7, programmed as output, | 
driving CMOS loads and bit 4 driving one TTL 
load directly using CMOS output option. 


Port B, bit 0 and bit 1 programmed as output, 
driving LEDs directly. 
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{lo HFety 


2N6386 (Typical) 


Port B, bit 5 programmed as output, dnving 
Darlington-base directly. 


CMOS 
Inverters 
MC14049/ MC 14069 
(Typical) 


Port C, bits 0-3 programmed as output, driving 
CMOS loads, using external pullup resistors 
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Figure 21(b) : Typical Input Mode Port Connections. 


SN74LS04 
or 


SN74LS04 
(Typical) MC14069 


(Typical) 


\7 
\/" 


MC14069 
(Typical) 


SN74LS04 
(Typical) 
CMOS and TTL driving port C directly. 
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SOFTWARE 


BIT MANIPULATION 


The EF6805P6 MCU has the ability to set or clear 
any single random access memory or input/output 
bit (except the data direction register, see Caution 
under Input/Output section), with a single instruction 
(BSET, BCLR). Any bit in page zero including ROM, 
except the DDRs, can be tested, using the BRSET 
and BRCLR instructions, and the program branches 
as aresult of its state. The carry bit equals the value 
of the bit referenced by BRSET or BRCLR. A rotate 
instruction may then be used to accumulate serial 


Figure 22 : Bit Manipulation Example. 


Serial 
Device 


ADDRESSING MODES 


The EF6805P6 MCU has 10 addressing modes 
which are explained briefly in the following para- 
graphs. For additional details and graphical illustra- 
tions, refer to the 6805 Family User's Manual. 


The term "effective address" (EA) is used in describ- 
ing the address modes. EA is defined as the address 
from which the argument for an instruction is fetched 
or stored. 


IMMEDIATE - In the immediate addressing mode, 
the operand is contained in the byte immediately fol- 
lowing the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 


DIRECT - In the direct addressing mode, the effec- 
tive address of the argument is contained in a single 
byte following the opcode byte. Direct addressing 
allows the user to directly address the lowest 256 
bytes in memory with a single 2-byte instruction. 
This includes the on-chip RAM and I/O registers and 


input data ina RAM location or register. The capa- 
bility to work with any bit in RAM, ROM, or I/O allows 
the user to have individual flags in RAM or to handle 
I/O bits as control lines. 


The coding example in figure 22 illustrates the use- 
fulness of the bit manipulation and test instructions. 
Assume that the MCU is to communicate with an 
external serial device. The external device has a 
data ready signal, a data output line, and aclock line 
to clock data one bit at a time, LSB first, out of the 
device. The MCU waits until the data is ready, clocks 
the external device, picks up the data in the carry 
flag (C bit), clears the clock line, and finally accu- 
mulates the data bit in a RAM location. 


BRSET 2, PORTA, SELF 


1, PORTA 
0, PORTA, CONT 
1, PORTA 
RAMLOC 


128 bytes of ROM. Direct addressing is an effective 
use of both memory and time. 


EXTENDED - !n the extended addressing mode, the 
effective address of the argumentis contained in the 
two bytes following the opcode. Instructions using 
extended addressing are capable of referencing ar- 
gumenis anywhere in memory with a single 3-byte 
instruction. When using the assembler, the pro- 
grammer need not specify whether an instruction 
uses direct or extended addressing. The assembler 
automatically selects the shortest form of the in- 
struction. 


RELATIVE - The relative addressing mode is only 
used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if and only if 
the branch condition is true. Otherwise, control pro- 
ceeds to the next instruction. The span of relative 
addressing is from - 126 to + 129 from the opcode 
address. The programmer need not worry about cal- 
culating the correct offset when using the assembler 
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since it calculates the proper offset and checks to 
see if it is within the span of the branch. 


INDEXED, NO OFFSET - In the indexed, no offset 
addressing mode, the effective address of the argu- 
ment is contained in the 8-bit index register. Thus, 
this addressing mode can access the first 256 mem- 
ory locations. These instructions are only one byte 
long. This mode is often used to move a pointer 
through a table or to hold the address of a frequent- 
ly referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET - In the indexed, 8-bit off- 
set addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg- 
ister and the unsigned byte following the opcode. 
This addressing mode is useful in selecting the kth 
element in an n element table. With this 2-byte ins- 
truction, k would typically be in X with the address 
of the beginning of the table in the instruction. As 
such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as lo- 
cation 510 ($1F E is the last location at which the ins- 
truction may begin). 


INDEXED, 16-BIT OFFSET - In the indexed, 16-bit 
offset addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg- 
ister and the two unsigned bytes following the op- 
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset, except that 
this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended addressing, 
the assembler determines the shortest form of in- 
dexed addressing. 


BIT SET/CLEAR - In the bit set/clear addressing 
mode, the bit to be set or cleared is part of the op- 
code, and the byte following the opcode specifies 
the direct address of the byte in which the specified 
bit is to be set or cleared. Thus, any read/write bit in 
the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single 2-byte ins- 
truction. See Caution under the Input/Output sec- 
tion. 


BIT TEST AND BRANCH - The bit test and branch 
addressing mode is a combination of direct address- 
ing and relative addressing. The bit and condition 
(set or clear) which is to be tested is included in the 
opcode, and the address of the byte to be tested is 
in the single byte immediately following the opcode 
byte. The signed relative 8-bit offset is in the third 
byte and is added to the value of the PC if the branch 
condition is true. This single 3-byte instruction allows 
the program to branch based on the condition of any 
readable bit in the first 256 locations of memory. The 
span of branching is from - 125 to + 130 from the 
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opcode address. The state of the tested bit is also 
transferred to the carry bit of the condition code reg- 
ister. See Caution under the Input/Output section. 


INHERENT - In the inherent addressing mode, all 
the information necessary to execute the instruction 
is contained in the opcode. Operations specifying 
only the index register or accumulator, as well as 
control instruction with no other arguments, are in- 
cluded in this mode. These instructions are one byte 
long. 


INSTRUCTION SET 


The EF6805P6 MCU has a set of 59 basic instruc- 
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 


REGISTER/MEMORY INSTRUCTIONS - Most of 
these instructions use two operands. One operand 
is either the accumulator or the index register. The 
other operand is obtained from memory using one 
of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions 
have no register operands. Refer to table 1. 


READ-MODIFY-WRITE INSTRUCTIONS - These 
instructions read a memory location or a register, 
modify or test its contents, and write the modified 
value back to memory or to the register (see cau- 
tion under Input/output section). The test for nega- 
tive or zero (TST) insruction is included in 
read-modify-write instructions though it does not 
perform the write. Refer to Table 2. 


BRANCH INSTRUCTIONS - The branch instruc- 
tions cause a branch from the program when a cer- 
tain condition is met. Refer to table 3. 


BIT MANIPULATION INSTRUCTIONS - These ins- 
tructions are used on any bit in the first 256 bytes of 
the memory (see caution under Input/output sec- 
tion). One group either sets or clears. The other 
group performs the bit test branch operations. Refer 
to table 4. 


CONTROL INSTRUCTIONS - The control instruc- 
tions control the MCU operations during program 
execution. Refer to table 5. 


ALPHABETICAL LISTING - The complete instruc- 
tion set is given in alphabetical order in table 6. 


OPCODE MAP SUMMARY - Table 7 is an opcode 
map for the instructions used on the MCU. 


21/33 


MICROELECTRONICS 


287 


88¢ 


Ce/ee 


SDINOYULOITOYDIN 
NOSWoHI-sos “AY 


Addressing Modes 
Indexed Indexed indexed 
sntencrd — — oie =< 2 ous = 6 Bit a Orso 
Op 
bomen ose rs | ovine | cern x cz xe cote oi eve Coa bin ede 


Srp pate Te pepe pet et ett eee es 
sorsrmemn [Wet = t= t= ete pe pepe pe pepeys pete tere 
ET SD 9 SL 
[Add Memory oA] ADD | AB] 2] 2 | BB 


Add Memory and 
CarrytoA AOC es = = 


Subtract Memory from 
A with Borrow ee Ree 


HH} HE 
ee BA 


eciiewe OR Memory 
with A 
Arithmetic Compare A 
with Memory Al on E1 
Arithmetic Compare X 
with Memory A3 C3 
Bit Test Memory with 
A (Logical Compare) ae — 


pee ar ee ee ee 


Addressing Modes 
Inherent (A) Indexed Indexed 
(no offset) (8 bit offset) 
Op | # Op; # | # |Op| # | # | Op!] # | # | Op! # | # 
Code|Bytes Code|Bytes|Cycles|\Code|Bytes |Cycles|Code|Bytes |\CyclesiCodeiBytes|Cycles 
|Increment, | NC tc ft | 4 [oc] | 4 [acl 2] 6 |wl{i| 6 {ec|2| 7 | 


[Decremon’_————*it ime Cd] 1 | 4 {oats | eale}e«|ml+]sfeale|7 
es RN CAS EA FREER CCAR SEARS ERA se 


| Complement = ss 


Negate 78 
(2's complement) 


[Rotate Left Thru Cany | ROL —=«di a 
a a a a Cee Ce Ae cee Cee 
Tegical Shitiet | —isu_—=«d#a fs | + [se] 1 [+ foele]elmi[+|slelz|7| 
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Table 3 : Branch Instructions. 


: # 


Cycles 

Branch Aways SSS*~<“‘~*“‘*~*~*‘“‘~*dCSC*RACSC*dé~C*«‘é 
Pease 
Branch IFF Lower or Same fee =f 
2 
a 
fee 
eens 
ae 


+: 


Bytes 


no | po | po O 
n | oO 
- . - 


Branch IFF Carry Set BCS 25 


(branch IFF lower) 


WO 
<|vU 


Branch IFF Minus 

Branch IFF Interrupt Mask 
Bit is Clear 

Branch IFF Interrupt Mask 
Bit is Set 

Branch IFF Interrupt Line 
is Low 

Branch IFF Interrupt Line 
is High 


Branch to Subroutine 


Table 4 : Bit Manipulation Instructions. 


Bit Set / Clear Bit Test and Branch 
Function Op # # 
Code Bytes | Cycles 


Branch IFF Bit nis set_ | BRSET n(n =O... 7) 2en 3 
3 


B 
B 


ies) 
— 


MC 

MS 
BIL 
BIH 
BSR 


Set Bit n 


al 
3 
| aan 

eae 
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Table 5 : Control Instructions. 


# # 
Bytes Cycles 
2 


1 


Qo 
at 
@ 


x< 


TA 
Transfer X to A TXA OF 


© 
oO 
sed] 
a 
=3 
ms 
@O 
= 
=x 
Cc 
xo} 
Ps 
= 
pe) 
n 
> 
w 
- 
2) 
= 
i<o) 
> 


8) 
4 


Dw 
@O 
- 
{ 
=a 
= | 
= 
™ 
(e) 
3 
ep) 
[ end 
oO 
=“ 
{e) 
4 
paras 
a | 
@O 
D | w 
15/2 
[ee] 


wv 
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i 6 : Instruction Set. 


Addressing Modes Condition Code 


Bit 
ee ee ees Bit 
EEE EE a i | alee 


0 ee a eS oe | ee ee es ee 


BCS 


x< 


ae 

a ee eee, 
21d a CE | Fl A es ee 

are aaa? 

eae aor 

et 


x< 


A - 


eu 
I 
* 


dda 

Oo 
ey 
Aas 
sae 

Hi 
00 
on 
Boo 
Boo 
oD 


- 


ise) 
— 
- 


w 
= 
?) 


w 
= 
no 


wo 
= 
| 


comms?) 
Vi2Zz 

m 
a 


oO} 
Di] 
zZzl|Prl|r 
+}. 


eS a ae ee ee ee ee ee ee ee ee 
perpen) | eT) 
FS (a SRE (PM (A [neem | PG LA nee (Ee 
aa (SaaS Te (a (ees ee ee eS 
Pets i ee ee ee eee ele 


ie8) 
wn 
2 
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Table 6: Instruction Set (continued). 


Addressing Modes Condition 
Code 


ndexed | Indexed | Indexed | __ Bit ai 
Extended/ Relative i offset)} (8 bits) | (16 bits) |Set/Clear ee 


~x< 


ao 
Ete 
Ea 
aie 


(ome 
ie ae a 
aa ee 
ae ee 
ee 


Condition Code Symbols : Cc Carry/Borrow 
H Half Carry (from bit 3) A Test and Set if true, cleared otherwise 
| Interrupt Mask : Not affected 
N Negative (sign bit) ? Load CC Register from Stack 
Z Zero 
ee ky S6S:THoMsoN 
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Table 7 : EF6805 HMOS Bol OP Code Mape. 


Read Modify ae 


a) Srouno | “ect 
BIB BSC ee 
'BRSET1 ” BSETI ce 
0010 BTB | 2 BSC 
00 " BTB BSC 
0100 BTB BSC REL 
BTB BSC REL 
BTB BSC REL 
O11 BSC a 
'BRSET4 " BSET4 * BHCC 
BTB BSC REL 


BRCLRA "BCLR4 "BeOS 
BTB BSC REL 
"ECA © DEOX 


BSC 


rsere | “aser ine “ica | * nox 
BSC REL DIR | 4 INH_| 14 INH | 2 
DI 


4 4 7 6 
: 
BSC REL R 1 INH 1 INH é 1X14 1 IX 
a 

2 REL 

4 6 4 4 7 6 
: 
BTB BSC REL R INH INH 1X1 IX 
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Table 7 : (continued). 


Register/Memory 


aS ee ee ee eee eee eee 
9 A B Cc D E F Hi 
sone 1001 1010 1011 1100 1101 1110 1111 Lo 
4 5 6 5 4 


ep) 
Cc 
w 


SUB 


IND 
= 
8) 


INH EXT IX2 1X4 


2 DIR 


2 j 


Abbreviations for Address Modes 


INH — Inherent 

IMM_ Immediate Opcode in Hexadecimal 
DIR ‘Direct 

EXT €xtended veicueies 

REL Relative iinerconic Opcode in Binary 
BSC Bit Set/clear Bytes 


BTB Bit Test and Branch 

IX Indexed (no offset) 

IX1___ Indexed, 1 Byte (8-bit) Offset 
IX2___ Indexed, 2 Byte (16-bit) Offset 


Address Mode 
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PACKAGE MECHANICAL DATA 
DIL—132 PLASTIC PACKAGE 


e=2,54(2) 4.57 max. 


(1) Nominal dimension 
(2) True geometrical position 


28 Pins 


28 Outputs 
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EF6805 HMOS FAMILY 


| ss Features —s_—s|,: EF 6805P2 | EF6805P6 | EF6805R2 | EF6805R3 | EF6805U2 | EF6805U3 


0 


stor andwair | No | No | No | No | Wo | No 
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ORDERING INFORMATION 


The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS—-THOMSON Microelectronics 
on EPROM(s) or an EFDOS/MDOS* disk file. 


To initiate a ROM pattern for the MCU, it is necess- 
ary to first contact your local S@GS-THOMSON re- 
presentative or distributor. 


EPROMs 


The ET2716 or ET2732 type EPROMs, pro- 
grammed with the customer program (positive logic 
sense for address and data), may be submitted for 
pattern generation. The EPROM must be clearly 
marked to indicate which EPROM corresponds to 
which address space. The recommended marking 
procedure is illustrated below : 


XXX = Customer ID 
XXX = Customer ID 


After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re- 
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica- 
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re- 
turned to SGS-THOMSON. The signed verification 
form constitutes the contractual agreement for cre- 
ation of the customer mask. If desired, SGS-THOM- 
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SON will program on blank EPROM from the data 
file used to create the custom mask and aid in the 
verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi- 
ency they are usually unmarked, packaged in ce- 
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus 
not guaranteed by SGS THOMSON Quality Assur- 
ance, and should be discarded after verification is 
completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, 
single-density, 8-inch, EFDOS/MDOS* compatible 
floppies. The customer must write the binary file 
name and company name on the disk with a felt-tip- 
pen. The minimum EFDOS/MDOS* system files, as 
well as the absolute binary object file (Filename .LO 
type of file) from the 6805 cross assembler, must be 
on the disk. An object file made from a memory 
dump using the ROLLOUT command is also ac- 
ceptable. Consider submitting a source listing as 
well as the following files : filename .LX (DE- 
VICE/EXORciser loadable format) and filename .SA 
(ASCII Source Code). These files will of course be 
kept confidential and are used 1) to speed up the 
process in-house if any problems arise, and 2) to 
speed up the user-to-factory interface if the user 
finds any software errors and needs assistance 
quickly from SGS-THOMSON factory repre- 
sentatives. 


EFDOS is SGS-THOMSON Microelectronics Disk 
Operating System available on development sys- 
tems such as DEVICE... 


MDOS* is MOTOROLA’s Disk Operating System 
available on development systems such as EXOR- 
ciser... 


* Requires prior factory approval. 
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ORDER CODES 


EF6805P6 


aa Quality level 


Part Number 


Package Oper. temp 


The table below horizontally shows all available suffix combinations for package, operating temperature and 
quality level. Other possibilities on request. 


Oper. Temp. Quality Level 
Part Number 


ee 
Deeetor |e es he ee ee Te ee 


Examples : EF6805P6P, EF6805P6FN, EF6805P6PV, EF6805P6FNV 


P : Plastic DIL, FN : SURPICOP (plastic chip-carrier at JEDEC std 0 50” center leaded type A) 
L*:0°C to + 70°C, V:—40 °C to + 85°C, A: — 40°C to + 105°C, * : may be omitted 
Quality levels in accordance with NFC 96883 — ** : No end-suffix for standard level products. 


EXORciser Is a registered trademark of MOTOROLA Inc. 
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EF6805 FAMILY - MCU CUSTOMER ORDERING SHEET 


Commercial reference | | | | | | | | | | Customer name 


Company 
Address 


Customer’s marking | | | | | | | Phone 


Specification reference ; 
Application LI SGS-THOMSON Microelectronics reference 


I Special customer data reference” 


Number of interrupt vectors : 
Quality level : 
LJ std 


ROM capacity required : 


Temperature range : 
Ll 0C/+70°C 

L} -40°C/+85°C 
LL} -40°C/+ 105°C 


Package Software developped by : 
Plastic [J SGS-THOMSON Microelectronics application lab. 


J SURPICOP LJ External lab. 
Customer 


PATTERN MEDIA OPTION LIST 


LJ} EPROM Reference : -Oscillator input - Low voltage inhibit : 


LJ EFDOS/MDOS* disk file = sh = Enabled 
LI 8" floppy Disabled 


L} 5" 1/4 floppy - Port A output drive : - Port B output drive : 


Listing [J CMOS and TTL = TTL 
Other * LJ TTL only Open drain 


- Timer clock source : 


LJ Internal f2 clock 
LJ Timer input pin 


- Timer prescaler 


i | LJ 64 
Lj 2 Li 8 L] 128 


* Requires prior factory approval 


Yearly quantity forecast : , Start of production date : 
” for a shipment period of : 


CUSTOMER CONTACT NAME : SIGNATURE : 
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8-BIT MICROCOMPUTER WITH A/D 


HARDWARE FEATURES 
a A/D CONVERTER 
. 8-BIT CONVERSION, MONOTONIC 
~ 4MULTIPLEXED ANALOG INPUTS 
~ RATIOMETRIC CONVERSION 
a 32 TTL/CMOS COMPATIBLE I/O LINES 
. 24 BIDIRECTIONAL (8 Lines are LED Com- 
patible) 
~ 8 INPUT-ONLY 
a 2048 BYTES OF USER ROM 
» 64 BYTES OF RAM 
m SELF-CHECK MODE 
a ZERO-CROSSING DETECT/INTERRUPT 
a» INTERNAL 8-BIT TIMER WITH 7-BIT MASK 
PROGRAMMABLE PRESCALER AND CLOCK 
SOURCE 
m 5V SINGLE SUPPLY 


SOFTWARE FEATURES 

s 10 POWERFUL ADDRESSING MODES 

a BYTE EFFICIENT INSTRUCTION SET WITH 
TRUE BIT MANIPULATION, BIT TEST, AND 
BRANCH INSTRUCTIONS 

» SINGLE INSTRUCTION MEMORY 
EXAMINE/CHANGE 

» POWERFUL INDEXED ADDRESSING FOR 
TABLES 

= FULL SET OF CONDITIONAL BRANCHES 

» MEMORY USABLE AS REGISTER/FLAGS 

= COMPLETE DEVELOPMENT SYSTEM SUP- 
PORT INICE® 


USER SELECTABLE OPTIONS 

a» INTERNAL 8-BIT TIMER WITH SELECTABLE 
CLOCK SOURCE (external timer input or inter- 
nal machine clock) 

a TIMER PRESCALER OPTION (7 Bits, 2") 

» 8 BIDIRECTIONAL I/O LINES WITH TTL OR 
TTL/CMOS INTERFACE OPTION 

=» 8 BIDIRECTIONAL I/O LINES WITH TTL OR 
OPEN-DRAIN INTERFACE OPTION 

s CRYSTAL OR LOW-COST RESISTOR OSCIL- 
LATOR OPTION 

a LOW VOLTAGE INHIBIT OPTION 

=» VECTORED INTERRUPTS : TIMER, SOFT- 
WARE, AND EXTERNAL 

» USER CALLABLE SELF-CHECK SUBROU- 
TINES 


May 1989 


P SUFFIX 
Plastic Package 


FN SUFFIX 
PLOC44 


PIN CONNECTIONS 


24 [J] PDO/ANO 
23,)PD1/AN1 
221} PD2/AN2 


EFG680SR2 


EF6805R2 


DESCRIPTION 


The EF6805R2 Microcomputer Unit (MCU) is a 
member of the 6805 Family of low-cost single-chip 
Microcomputers. The 8-bit microcomputer contains 
a CPU, on-chip CLOCK, ROM, RAM, I/O, 4-chan- 
nel 8-bit A/D, and TIMER. It is designed for the user 


who needs an economical microcomputer with the 
proven capabilities of the 6800-based instruction 
set. A comparison of the key features of several 
members of the 6805 Family of Microcomputers is 
shown at the end of this data sheet. The follow- 
ing are some of the hardware and software high- 
lights of the EF6805R2 MCU. 


Figure 1 : EF6805R2 HMOS Microcomputer Block Diagram. 


7 } XTAL EXTAL RESET INT 
Presealer eae 
7 8 Counter 


Timer Control 


Accumulator 
8 A 
Index 
Register 
8 x 


Condition 


Program 
Counter 
High PCH 


Program 
Counter 
Low PCL 


2048 x 8B 
User ROM 
192 x8 
Self-Check ROM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 
Voc Supply Voltage 


CPU 
Control 


PDO/ANO 
PDI/AN1 
PD2/AN2_ Port 
PD3/AN3.  D 
PD4/VaL Input 
PDS5/V_ay Lines 
PD6/INT2 

PD7 


pValue | Unit 


Vin Input Voltage (except TIMER in self-check mode and — 0.3 to + 7.0 V 
open-drain inputs) 


Vin Input Voltage (open-drain pins, TIMER pin in self-check mode) - 0.3 to + 15.0 


Operating Temperature Range 


(TL to Ty 
Storage Temperature Range 


Ty Junction Temperature Plastic Package 
PLCC 


0 to + 70 °C 
— 40 to + 85 
— 40 to + 105 


V Suffix 
T Suffix 


~ 55 to + 150 
C 


150 i 
150 


This device contains circuitry to protect the inputs against damage due to high static voltages or electrical fields ; however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit. For proper operation tt 
Is recommended that Vin and Vou be constrained to the range Vss S$ (Vin Or Vout) $ Vec Reliability of operation is enhanced if unused inputs except 
EXTAL are tied to an appropriate logic voltage level (e g., either Vss or Vcc). 


THERMAL DATA 


O5A Thermal Resistance Plastic 50 °C/W 
PLCC 80 
2/36 (a7, SGS-THOMSON 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C 
can be obtained from : 


Ty =Ta+(PD < 0 ya) (1) 
Where : 
Ta = Ambient Temperature, °C 


6 ya = Package Thermal Resistance, Junction-to- 
Ambient, °C/W 


Pp = Pint + Prort 
Pint = Icc x Voc, Watts - Chip Internal Power 


Pport = Port Power Dissipation, Watts - User Deter- 
mined 


ELECTRICAL CHARACTERISTICS 


EF6805R2 


For most applications Pport << Pint and can be ne- 
glected. Pport may become significant if the device 
is configured to drive Darlington bases or sink LED 
loads. 


An approximate relationship between Pp and Ty (if 
Pport is neglected) is : 


Pp = K+ (Ty + 273°C) (2) 
Solving equations 1 and 2 for K gives : 
K =PD = (Ta + 273°C) + OJA * Pp* (3) 


Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Pp (at equilibrium) for a known Ta. Using 
this value of K the values of Pp and Ty can be ob- 
tained by solving equations (1) and (2) iteratively for 
any value of Ta. 


(Voc = + 5.25Vdce + 0.5Vdc, Vsg = OVdc, Ta, = T, to Ty unless otherwise noted) 


Parameter 


Input High Voltage 
RESET (4.75 < Voc s 5.75) 
(Vcc < 4.75) 
INT (4.75 < Voc s 5.75) 
(Vcc < 4. 75) 
All Other (except timer) 


Input High Voltage Timer 
Timer Mode 
Self-check Mode 


Input Low Voltage 
RESET 

INT 

All Other (except A/D inputs) 


VIRES + 
ViRES - 


"Out of Reset" 
_Into Reset" 


Power Dissipation - 


Input Capacitance 
EXTAL 


Low Voltage Recover 
Low Voltage Inhibit 


fe Input Current 


TIMER (Vin = 0.4V) 


(Vin = 0.4V - crystal option) 
RESET (Vin = 0.8V) - 
Current 


RESET Hystereris Voltages (see figures 10, 11 and 12) 


(no port loading, Voc = 5.75V) 
Ta =0°C 


All Other Except Analog Inputs (see note) 


EXTAL (Vi, = 2.4V to Vcc - crystal option) 


External Capacitor Charging 


Note: Port D Analog Inputs, when selected, Cin = 25pF for the first 5 out of 30 cycles 
* Due to internal biasing this input (when unused) floats to approximately 2.2V. 
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SWITCHING CHARACTERISTICS 
(Voc = + 5.25Vde + 0.5Vdc, Vsg = OVdc, T, = T, to Ty unless otherwise noted) 


symbol [SSSéPavameter —SSS*dYCins | Typ |e | on | 
Cycle Time (4/fosc) 


tw, twH | INT, INT2, and TIMER Pulse Width (see interrupt teye + 250 
section) 


External Clock Input Duty Cycle (EXTAL) 


Crystal Oscillator Start-up Time” 


* See Figure 16 for typical crystal parameters. 


A/D CONVERTER CHARACTERISTICS 
(Voc = + 5.25Vde + 0.5Vdc, Vsg = OVdc, Ta = T, to Ty, unless otherwise noted) 


A/D accuracy may decrease 
proportionately as Vary is reduced 

below 4.0V. The sum of Vay and Var 
must not exceed Vcc. 


Monotonicity Inherent (within total error 


) 
Zero Input Reading Vin = 01 Hexa- 
decimal 
Ratiometric Reading Vin = Van FE FF FF Hexa- 
decimal 


|SampleTime tye 


Sample/hold Capacitance, 25 pF 
Input 
Analog Input Voltage Negative transients on any analog Vat VeaH V 
lines (pins 19-24) are not allowed at 
any time during conversion 


4/36 
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PORT ELECTRICAL CHARACTERISTICS 
(Vcc = + 5.25Vde + 0.5Vdc, Vsg = OVdc, Ta = T, to Ty unless otherwise noted) 


PORT A WITH CMOS DRIVE ENABLED 


Output High Voltage 
lLoad = 100A 
lLoad oy 10nA 


Output Low Voltage 
lLoad = 3.2mA 


Parameter 
Output Low Voltage ILoag = 1.6MA 
Vou Output High Voltage ILoag =— 100nA 


Input High Voltage 
IL 


V 


| 
|InputHigh Voltage | | 8.0 
Ves | | os | ov | 


PD4/VRL ~ PD5/VRH : The A/D conversion resistor (15kQ typical) is connected internally between these two lines, impacting their use as digi- 
tal inputs in some applications. 
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Figure 2 : TTL Equivalent Test Load (port B). 


Vcc=575V 
1N916 


or Equiv. ~9 1.45 ka 


40 pF 1N4148 
(Total) or Equiv. 


Figure 4: TTL Equivalent Test Load (port A and C). 


Vcc=5./5V 
1N916 


or Equiv. 2.91 kQ 


30 pF 1N4148 
(Total) or Equiv. 


SIGNAL DESCRIPTION 


The input and output signals for the MCU, shown in 
figure 1, are described in the following paragraphs. 


Vcc and Vss - Power is supplied to the MCU using 
these two pins. Vcc is power and Vss is the ground 
connection. 


INT - This pin provides the capability for asynchron- 
ously applying an external interrupt to the MCU. 
Refer to Interrupts Section for additional informa- 
tion. 


NUM (NON USER MODE) - This pin is not for user 
application and must be connected to Vss. 


XTAL AND EXTAL - These pins provide control 
input for the on-chip clock oscillator circuit. A crys- 
tal, a resistor, or an external signal, depending on 
user selectable manufacturing mak option, can be 
connected to these pins to provide a system clock 
with various degrees of stability/cost tradeoffs. Lead 
length and stray capacitance on these two pins 
should be minimized. Refer to Internal Clock Gener- 
ator Options Section for recommendations about 
these inputs. 


TIMER - The pin allows an external input to be used 
to contro! the internal timer circuitry and also to in- 
itiate the self test program. Refer to Timer Section 
for additional information about the timer circuitry. 


RESET - This pins allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. The MCU can be reset by pull- 


Figure 3 : CMOS Equivalent Test Load (port A). 


30 pF (Total) 


Test Point =) 


Figure 5 : Open—Drain Equivalent Test Load 
(port C). 


Vcc =575V 
3.34 kQ 


An 30 pF (Total) 


ing RESET low. Refer to Resets Section for addi- 
tional information. 


INPUT/OUTPUT LINES (PAQ-PA7, PBO-PB7, 
PC0O-PC7, PD0O-PD7) - These 32 lines are arranged 
into four 8-bit ports (A, B, C, and D). Ports A, B, and 
C are programmable as either inputs or outputs 
under software control of the data direction registers 
(DDRs). Port D has up to four analog inputs, plus 
two voltage reference inputs when the A/D conver- 
ter is used (PD5/Vrn, PD4/Vr-), and an INT2 input, 
and from one to eight digital inputs. If any analog 
input is used, then the voltage reference pins 
(PD5/VrH, PD4/Vr_) must be used in the analog 
mode. Refer to Input/Output Section, A/D Conver- 
ter Section, and Interrupts Section for additional in- 
formation. 


MEMORY - The MCU is capable of addressing 4096 
bytes of memory and I/O registers with its program 
counter. The EF6805R2 MCU has implemented 
2316 of these bytes. This consists of : 2048 user 
ROM bytes, 192 self-check ROM bytes, 64 user 
RAM bytes, 7 port I/O bytes, 2 timer registers. 2 A/D 
registers, and a miscellaneous register ; see figure 
6 for the Address map. The user ROM has been split 
into three areas. The main user ROM area is from 
$080 to $OFF and from $7CO to $F37. The last 8 
user ROM locations at the bottom of memory are for 
the interrupt vectors. 


The MCU reserves the first 16 memory locations for 
I/O features, of which 12 have been implemented. 
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These locations are used for the ports, the ports 
DDRs, the timer, the INT2 miscellaneous register, 
and the A/D. Of the 64 RAM bytes, 31 bytes are 
shared with the stack area. The stack must be used 
with care when data shares the stack area. 


The shared stack area is used during the process- 
ing of an interrupt or subroutine calls to save the 
contents of the CPU state. The register contents are 
pushed onto the stack in the order shown in 


Figure 6 : EF6805R2 MCU Address Map. 


1/O Ports 


EF6805R2 


figure 7. Since the stack pointer decrements during 
pushes, the low order byte (PCL) of the program 
counter is stacked first, then the high order four bits 
(PCH) are stacked. This ensures that the program 
counter is loaded correctly during pulls from the 
stack since the stack pointer increments when it 
pulls data from the stack. A subroutine call results 
in only the program counter (PCL, PCH) contents 
being pushed onto the stack ; the remaining CPU 
registers are not pushed. 


1 0 


Page Zero 
Access with 
Short 
Instructions 


Interrupt 
Vectors 


Timer 
RAM 
(128 Bytes) 


Page Zero 
User ROM 
(128 Bytes) 


Not Used 
(1728 Bytes) 


Main User 
ROM 
{1912 Bytes) 


Self Check 
ROM 
(192 Bytes) 


Timer Interrupt 


Port C Data 


Not Used 
(3 Bytes) 


14} A/D Control Register 
15 A/D Result 


16 Not Used 
63 (48 Bytes) 


64 


oO On DO Ss WD DH 


*Caution Data direction reqisters 


(DDRs) are waite only, 
they read us $FF 


RAM 
(64 Bytes) 


Stack 
(31 Bytes Maximum) 
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Figure 7 : Interrupt Stacking Order. 


6 2 1 +O 
Condition 
Code Register 


*For subroutine calls, unly PCH and PCL are stacked 


Push 


CENTRAL PROCESSING UNIT 


The CPU of the EF6805 Family is implemented in- 
dependently from the I/O or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with I/O and 
memory via internal address, data, and control 
buses. 


REGISTERS 


The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 8 and 
are explained in the following paragraphs. 


Figure 8 : Programming Model. 
7 
7 


1 


ACCUMULATOR (A) - The accumulator is a general 
purpose 8-bit register used to hold operands and re- 
sults of arithmetic calculations or data manipula- 
tions. 


INDEX REGISTER (X) - The index register is an 8- 
bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula- 
tions using the read-modify-write instructions. The 
Index Register may also be used as a temporary 
storage area. 


1 8 


11 54 0 
Fofofolofofi{i] sp | Stack Pointer 


Interrupt Mask 


Half Carry 
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PROGRAM COUNTER (PC) - The program counter 
is a 12-bit register that contains the address of the 
next instruction to be executed. 


STACK POINTER (SP) - The stack pointer is a 12- 
bit register that contains the address of the next free 
location on the stack. During an MCU reset or the 
reset stack pointer (RSP) instruction, the stack 
pointer is set to location $07F. 


The stack pointer is then decremented as data is 
pushed onto the stack and incremented as data is 
then pulled from the stack. The seven most signifi- 
cant bits of the stack pointer are permanently set to 
0000011. Subroutines and interrupts may be nested 
down to location $061 (31 bytes maximum) which 
allows the programmer to use up to 15 levels of sub- 
routine calls (less if interrupts are allowed). 


CONDITION CODE REGISTER (CC) - The condi- 
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 
state. Each bit is explained in the following para- 
graphs. 


Half Carry (H) - Set during ADD and ADC oper- 
ations to indicate that a carry occurred between bits 
3 and 4. 


Interrupt (I) - When this bit is set, the timer and ex- 
ternal interrupt (INT and INT2) are masked (dis- 
abled). If an interrupt occurs while this bit is set, the 
interrupt is latched and is processed as soon as the 
interrupt bit is cleared. 


Negative (N) - When set, this bit indicates that the 
result of the last arithmetic, logical, or data manipu- 
lation was negative (bit 7 in the resultis a logical"1"). 


Zero (Z) - When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation 
was Zero. 


Carry/Borrow (C) - When set, this bit indicates that 
a carry or borrow out of the Arithmetic Logic Unit 
(ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch 
instructions plus shifts and rotates. 


TIMER 


The timer circuitry for the MC6805R2 is shown in 
figure 10. The 8-bit counter may be loaded under 
program control and is decremented toward zero by 
the clock input (or prescaler output). When the timer 
reaches zero, the timer interrupt request bit (bit 7) 
in the timer control register (TCR) is set. The timer 
interrupt can be masked (disabled) by setting the 


EF6805R2 


timer interrupt mask bit (bit 6) in the TCR. The inter- 
rupt bit (I bit) in the condition code register also pre- 
vents a timer interrupt from being processed. The 
MCU responds to this interrupt by saving the pres- 
ent CPU state on the stack, fetching the timer inter- 
rupt vector from locations $FF8 and $FF9 and 
executing the interrupt routine (see RESET, 
CLOCK, AND INTERRUPT STRUCTURE SEC- 
TIONS). The timer interrupt request bit must be 
cleared by software. The TIMER and INT2 share the 
same interrupt vector. The interrupt routine must 
check the request bits to determine the source of 
the interrupt. 


The clock input to the timer can be from an external 
source (decrementing of timer counter occurs on a 
positive transition of the external source) applied to 
the TIMER input pin, or it can be the internal phase 
two signal. Three machine cycles are required for a 
change in state of the TIMER pin to decrement the 
timer prescaler. The maximum frequency of a sig- 
nal that can be recognized by the TIMER pin logic 
is dependent on the parameter labeled twu. The pin 
logic that recognizes the high state on the pin must 
also recognize the low state on the pin in order to 
"re-arm" the internal logic. Therefore, the period can 
be calculated as follows (assumes 50/50 duty cycle 
for a given period) : 


1 


tcyc X 2 + 250ns = period = freq 
The period is not simply twi + twH. This computation 
is allowable, but it does reduce the maximum allow- 
able frequency by defining an unnecessarily longer 
period (250 nanoseconds times two). 


When the phase two signal is used as the source, it 
can be gated by an input applied to the TIMER input 
pin allowing the user to easily perform pulse-width 
measurements. The source of the clock input is one 
of the mask options that is specified before manu- 
facture of the MCU. 


NOTE 


For ungated phase two clock input to the timer pres- 
caler, the TIMER pin should be tied to Vcc. 


A prescaler option, divide by 2", can be applied to 
the clock input that extends the timing interval up to 
a maximum of 128 counts before decrementing the 
counter. This prescaling mask option is also speci- 
fied before manufacture. To avoid truncation errors, 
the prescaler is cleared when bit 3 of the timer con- 
trol register is written to a logic one (this bit always 
reads a logic zero). See figure 9. 
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Figure 9 : Timer Register (TCR). 


- Timer Interrupt Request Status Bit. Set when TDR goes to 


zero ; must be cleared by software. Cleared to 0 by Reset. 


- Timer Interrupt Mask Bit . 1 = timer interrupt masked (dis- 


abled). Set to 1 by Reset. 
Clear prescaler always reads as a0 , clears prescaler when 


written to a logic "1". 


TCR Bits 5, 4, 2, 1, 0 reads "1s" - unused bits. 


Figure 10 : Timer Block Diagram. 


p2 


(Internal) 


Prescaler 


2°. 2? 


Manufacturing 
Mask Options 


Write 


94 25 28 97 Timer 


Timer 
Interrupt Interrupt 
Request Mask 


Read Write Read 


Internal Data Bus 


The timer continues to count past zero, falling 
through to $FF from $00 and then continuing the 
countdown. Thus, the counter can be read at any 
time by reading the timer data register (TDR). This 
allows a program to determine the length of time 
since a timer interrupt has occurred, and not disturb 
the counting process. 


At power up or reset, the prescaler and counter are 
initialized with all logic ones ; the timer interrupt re- 
quest bit (bit 7) is cleared and the timer interrupt 
mask bit (bit 6) is set. 


SELF-CHECK 


The self-check capability of the EF6805R2 MCU 
provides an internal check to determine if the part is 
functional. Connect the MCU as shown in figure 11 
and monitor the output of Port C bit 3 for an oscilla- 
tion of approximately 7Hz. A 10-volt level (through 
a 10k resistor) on the timer input, pin 8 and press- 
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ing then releasing the RESET button, energizes the 
ROM-based self-check feature. The self-check pro- 
gram exercises the RAM, ROM, TIMER, A/D, inter- 
rupts, and I/O ports. 


Several of the self-check subroutines can be called 
by a user program with a JSR or BSR instruction. 
They are the RAM, ROM, and 4-channel A/D tests. 
The timer routine may also be called if the timer input 
is the internal 02 clock. 


To Call those subroutines in customer applications, 
please contact your local SGS THOMSON sales of- 
fice in order to obtain the complete description of the 
self-check program and the entrance/exit condi- 
tions. 


RAM SELF-CHECK SUBROUTINE - The RAM 
self-check is called at location $F6F and returns with 
the Z bit clear if any error is detected ; otherwise the 
Z bit is set. The walking diagnostic pattern method 
is used on the EF6805R2. 
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The RAM test must be called with the stack pointer 
at $07F. When run, the test checks every RAM cell 
except for $07F and $07E which are assumed to 
contain the return address. 


The A and X registers and all RAM locations except 
$07F and $07E are modified. 


Figure 11 : Self-Check Connections. 


EF6805R2 


ROM CHECKSUM SUBROUTINE - The ROM self- 
check is called at location $F8A. If any error is de- 
tected, it returns with the Z bit cleared ; otherwise Z 
= 1,X=0onreturn, and A is zero if the test passes. 
RAM location $040 to $043 is overwritten. The 
checksum is the complement of the execution OR 
of the contents of the user ROM. 


PDO/ANO 
PD1/AN1 
PD2/AN2 
PD3/AN3 


a 


* This connection on clock oscillator user selectable mask option. Use jumper tf the RC mask option Is selected. 


11/36 
krgg SGS-THOMSON 
>| | a CHCUL ROCs 


311 


EF6805R2 


LED MEANINGS 


Remarks 
{1 : LED ON ;0:LED OFF] 
1 0 1 0 


Bad |/O 

Bad Timer 

Bad RAM 

Bad ROM 

Bad A/D 

Bad Interrupts or Request Flag 


Good Device 


Any Flashing 


Anything else bad Device. Bad Port C, etc 


ANALOG-TO-DIGITAL CONVERTER - SELF- 
CHECK - The A/D self-check is called at location 
$FA4 and returns with the Z bit cleared if any error 
was found, otherwise Z = 1. 


The A and X register contents are lost. The X regis- 
ter must be set to 4 before the call. On return, X = 8 
and A/D channel 7 is selected. The A/D test uses 
the internal voltage references and confirms port 
connections. 

TIMER SELF-CHECK SUBROUTINE - The timer 
self-check is called at location $FCF and returns 
with the Z bit cleared if any error was found ; other- 
wise Z = 1. 

In order to work correctly as a user subroutine, the 
internal 2 clock must be the clocking source and in- 
terrupts must be disabled. Also, on exit, the clock is 


Figure 12 : Typical Reset Schmitt Trigger Hysteresis. 


running and the interrupt mask is not set so the cal- 
ler must protect from interrupts if necessary. 


The A and X register contents are lost. The timer 
self-check routine counts how many times the clock 
counts in 128 cycles. The number of counts should 
be a power of 2 since the prescaler is a power of 2. 
If not, the timer is probably not counting correctly. 
The routine also detects a timer which is not run- 
ning. 


RESET 


The MCU can be reset three ways : by initial power- 
up, by the external reset input (RESET) and by an 
optional internal low-voltage detect circuit. The 
RESET input consists mainly of a Schmitt trigger 
which senses the RESET line logic level. A typical 
reset Schmitt trigger hysteresis curve is shown in 
figure 12. The Schmitt trigger provides an internal 
reset voltage if it senses alogical zeroonthe RESET 
pin. 

Power-On Reset (POR) - An internal reset is gener- 
ated upon powerup that allows the internal clock 
generator to stabilize. A delay of tau. milliseconds 
is required before allowing the RESET input to go 
high. Refer to the power and reset timing diagram 
of figure 13. Connecting a capacitor to the RESET 
input (as illustrated in figure 14) typically provides 
sufficient delay. During powerup, the Schmitt trigger 
switches on (removes reset) when RESET rises to 
VIRES+. 
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Figure 13 : Power and Reset Timing. 


ee 
POR - 
Delay 
Capacitor 


* Disable LVI 


External Reset Input - The MCU will be reset if a 
logical zero is applied to the RESET input for a peri- 
od longer than one machine cycle (tcyc). Under this 
type of reset, the Schmitt trigger switches off at 
Vires— to provide an internal reset voltage. 


Low-Voltage Inhibit (LVI) - The optional low-volt- 
age detection circuit causes a reset of the MCU if 
the power supply voltage falls below a certain level 
(Vivi). The only requirement is that Vcc remains at 
or below the Vivi threshold for one tcyc minimum. In 
typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less 
than one tcyc. The output from the low-voltage de- 
tector is connected directly to the internal reset cir- 
cuitry. It also forces the RESET pin low via a strong 
discharge device through a resistor. The internal 
reset will be removed once the power supply volt- 
age rises above a recovery level (Viva), at which 
time a normal power-on-reset occurs. 


INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to 
require a minimum of external components. A crys- 
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(Optional) 


0>1->LVI 
17>0~>LVR 


Internal 


> 


Schmitt 
Trigger 


tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari- 
ous Stability/cost tradeoffs. The oscillator frequency 
is internally divided by four to produce the internal 
system clocks. A manufacturing mask option is used 
to select crystal or resistor operation. 


The different connection methods are shown in 
figure 15. Crystal specifications and suggested PC 
board layouts are given in figure 16. A resistor se- 
lection graph is given in figure 17. 


The crystal oscillator start-up time is a function of 
many variables : crystal parameters (especially Rs), 
oscillator load capacitances, IC parameters, am- 
bient temperature, and supply voltage. To ensure 
rapid oscillator start up, neither the crystal charac- 
teristics nor the load capacitances should exceed 
recommendations. 


When utilizing the on-board oscillator, the MCU 
should remain in a reset condition (reset pin voltage 
below Vires+) until the oscillator has stabilized at its 
operating frequency. Several factors are involved in 
calculating the external reset capacitor required to 
satisfy this condition : the oscillator start-up voltage, 
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the oscillator stabilization time, the minimum VirEs;, 
and the reset charging current specification. 


Once Vcc minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent 
on the capacitor value. The charging current is sup- 
plied from Vcc through a large resistor, so it appears 


Figure 15 : Clock Generator Options. 
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EXTAL MCU 
(Crystal Mask 
Option) 


(See Note) C7) : 


Crystal 


External — EF6805R2 
Clock S_JEXTAL = MCU 
input (Crystal Mask 
Option) 


External Clock 


(See Figure 17) 5 | exTAL 


almost like a constant current source until the reset 
voltage rises above Vires:. Therefore, the RESET 
pin will charge at approximately : 

(ViRES+) * Cext = IRES * tRHL 


Assuming the external capacitor is initially dis- 
charged. 


EF6805R2 
EXTAL MCU 


(Resistor Mask 
Option) 


Approximately 25% to 50% Accuracy 
External Jumper 


R 
EF6805R2 * 


MCU 
No (Resistor Mask 
Connection Option) 


Approximately 10% to 25% Accuracy 
External Resistor 
(Excludes Resistor Tolerance) 


Note: The recommended Ci value with a 4.0MHz crystal is 27pF, maximum, including system distributed capacitance There Is an internal ca- 
pacitance of approximately 25pF on the XTAL pin. For crystal frequencies other than 4MHz, the total capacitance on each pin should be 
scaled as the inverse of the frequency ratio For example, with a 2MHz crystal, use approximately 50pF on EXTAL and approximately 
25pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used. 
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Figure 16 : Crystal Monotial Arm Parameters and Suggested PC Board Layout. 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq =4.0 MHz @ C; = 24 pF 

Rs = 50 ohms Max. 


Piezoelectric ceramic resonaturs 
which have the equivalent speci- 
fications may be used instead of 
crystal oscillators. Follow cera- 
mic resonator manufacturer's 
suggestions for Cy, Cy, and Rg 
values. 


EXTAL (5) 


EXTAL (5) (J XTAL (6) 
XTAL (6) [ 


NOTE. Keep crystal leads and circuit connecuons as short as possible 


Figure 17 : Typical Frequency Selection for Resistor (oscillator option). 
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INTERRUPTS 


The microcomputers can be interrupted four differ- 
ent ways : through the external interrupt (INT) input 
pin, the internal timer interrupt request, the external 
port D bit 6 (INT2) input pin, or the software inter- 
rupt instruction (SWI). When any interrupt occurs : 
the current instruction (including SWI) is completed, 
processing is suspended, the present CPU state is 
pushed onto the stack, the interrupt bit (I) in the con- 
dition code register is set, the address of the inter- 
rupt routine is obtained from the appropriate 
interrupt vector address, and the interrupt routine is 
executed. Stacking the CPU register, setting the 
| bit, and vector fetching require a total of 11 tcyc peri- 
ods for completion. A flowchart of the interrupt se- 
quence is shown in figure 18. The interrupt service 
routine must end with a return from interrupt (RTI) 


Figure 18 : Reset and Interrupt Processing Flowchard. 


11 (in CC) 
O7F ->SP 
O~DDRs 

CLR INT Logic 


FF > Timer 
7F > Prescaler 
7F->TCR 
7F7>MR 


Put FFE on 


FFF 
pEEIEE Execute All 


Instruction 
Cycles 


instruction which allows the MCU to resume pro- 
cessing of the program prior to the interrupt (by un- 
stacking the previous CPU state). Unlike RESET, 
hardware interrupts do not cause the current in- 
struction execution to be halted, but are considered 
pending until the current instruction execution is 
complete. 


When the current instruction is complete, the pro- 
cessor checks all pending hardware interrupts and 
if unmasked, proceedswith interrupt processing ; 
otherwise the next instruction is fetched and ex- 
ecuted. Note that masked interrupts are latched for 
later interrupt service. 


If both an external interrupt and a timer interupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex- 
ecuted as any other instruction. 


Luad PC From: 

SWI: FFC/FFD' 

INT: FFA/FFB 
Timer or 


INT2: FF8/FF9 
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NOTE 


The timer and INT2 interrupts share the same vec- 
tor address. The interrupt routine must determine 
the source by examining the interrupt request bits 
(TCR b7 and MRb/7). Both TCR b7 and MR b7 can 
only be written to zero by software. 


The external interrupt, INT and INT2, are syn- 
chronized and then latched on the falling edge of the 
input signal. The INT2 interrupt has an interrupt re- 
quest bit (bit 7) and a mask bit (bit 6) located in the 
miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is al- 
ways read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to 
process an interrupt when the condition code | bit is 
clear. 


Figure 19 : Typical Interrupt Circuits. 


EF6805R2 


A sinusoidal input signal (fint maximum) can be 
used to generate an external interrupt for use as a 
zero-crossing detector. This allows applications 
such as servicing time-of-day routines and engag- 
ing/disengaging ac power control devices. Off-chip 
full wave rectification provides an interrupt at every 
zero crossing of the ac signal and thereby provides 
a 2f clock. See figure 19. 


NOTE 


The INT (pin 3) is internally biased at approximate- 
ly 2.2V due to the internal zero-crossing detection. 


A software interrupt (SWI) is an executable instruc- 
tion which is executed regardless of the state of the 
| bit in the condition code register. SWls are usually 
used as break-points for debugging or as systems 
Calls. 


A/D CONTRQL REGISTER (ACR) 
7 6 5 4 3 2 1 0 
5 ee 
Bit 7—Conversion Comptete Status Flag: Set when 
conversion is complete; cleared only on a write 


to ACR. 
Readable, not writable 


Bus 2, 1.0 — A/D input Mux Seection (See Table 2) 
Bits 6, 5, 4, 3 read as 1s’ — unused bits 


(a) Zero-Crossing Interrupt 


(Current 
Limiting) 
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MCU 


INPUT/OUTPUT CIRCUITRY 


There are 32 input/output pins. The INT pin may be 
polled will branch instructions to provide an addi- 
tional input pin. All pins on ports A, B, and C are pro- 
grammable as either inputs or outputs under 
software control of the corresponding data direction 
register (DDR). See below |/O port control registers 
configuration. The port I/O programming is accom- 
plished by writing the corresponding bit in the port 


(b) Digital Signal Interrupt 


EF6805R2 
MCU 


DDR to a logic one for output or a logic zero for input. 
On reset all the DDRs are initialized to a logic zero 
state, placing the ports in the input mode. The port 
output registers are not initialized on reset and 
should be initialized by software before changing the 
DDRs from input to output. A read operation on a 
port programmed as an output will read the contents 
of the output latch regardless of the logic at the out- 
put pin, due to output loading. Refer to figure 20. 
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PORT DATA REGISTER 


Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 
Port D Addr = $003 


Figure 20 : Typical Port I/O Circuitry. 


Data 
Direction Register 
Bu* 


Latched 
Output 
Data 
Bit 


7 
c 
a 
c 


Connections 


Data Latched 
Direction Output 
Register Data 

Bit Bit 


All input/output lines are TTL compatible as both in- 
puts and outputs. Port A lines are CMOS compatible 
as outputs (mask option) while port B, C, and Dlines 
are CMOS compatible as inputs. Port D lines are 
input only ; thus, there is no corresponding DDR. 
When programmed as outputs, port B is capable of 
sinking 10 milliamperes and sourcing 1 milliampere 
on each pin. 


Port D provides the reference voltage, INT2, and 
multiplexed analog inputs. All of these lines are 
shared with the port D digital inputs. Port D may al- 
ways be used as digital inputs and may also be used 
as analog inputs providing VRH and Vat are con- 
nected to the appropriate reference voltages. The 
Vat and Vex lines (PD4 and PDS5) are internally con- 
nected to the A/D resistor. Analog inputs may be 
prescaled to attain the VaL and VR recommended 
input voltage range. 


The address map (figure 6) gives the addresses of 
data registers and data direction registers. Figure 
21 provides some examples of port connections. 


PORT DATA DIRECTION REGISTER (DDR) 
7 0 


(1) Write Only ; reads as all"1s" 
(2) 1 = Output, 0 = Input Cleared to 0 by Reset 
(3) Port A Addr = $004 

Port B Addr = $005 

Port C Addr = $006 


* DDRis a write-only register and reads as all "1s". 

* Ports B, and C are three-state ports. 

Port A has optional intemal pullup devices to provide CMOS data 
drive capability See Electrical Characteristics tables for complete in- 
formation 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port be written 
using a single-store instruction. 


The latched output data bit (see figure 20) must al- 
ways be written. Therefore, any write to a port writes 
all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg- 
ister and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions, since the data read corresponds to the 
pin level if the DDR is an input (zero) and corres- 
ponds to the latched output data when the DDR is 
an output (one). 
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Figure 21 : Typical Port Connections. 


(a) Output Modes 


(CMOS Loads) 


Ww 
NR 


i HFE®lp 


2N6386 'Typical! 


(1 TTL Load) 


«= 
16mMA 


BRS 
~~ 


eee) 


Port A, bit 7 and bit 4 programmed as output. 
Bit 7 driving CMOS loads and bit 4 driving 
one TTL load directly using CMOS output op- 
HOM: Port B, bit 5 programmed as output, driving Darling 
ton base directly 


CMOS Inverter 
MC 14049/ 14069 
'Typrcal 


_ 
_ 


—_ di 
[w) ul 


@—10mA 


Port B, bit 0 and bit 1 programmed as output, driing Port C, bits 0-3 programmed as output driving CMOS 
LEDs drectly loads, using externa! pullup resistors [required if Port 
C s open-drain) 


(b) Input Modes 


SN74LS04 or MC14069 
SN74LS04 (Typical) (Typical) 


SN 74LS04 or MC14069 
(typical) 


\/ 


SN74LS04 
(Typical) 


CMOS and TTL driving Port C directly CMOS or TTL driving Port D directly 
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ANALOG-TO-DIGITAL CONVERTER 


The EF6805R2 has an 8-bit analog-to-digital (A/D) 
converter implemented on the chip using a suc- 
cessive approximation technique, as shown in 
figure 22. Up to four external analog inputs, via port 
D, are connected to the A/D through a multiplexer. 
Four internal analog channels may be selected for 


Figure 22 : A/D Block Diagram. 


PD5/VRH 
PD4/VaL 


PDO/ANO 
PD1/AN1 
PD2/AN2 
PD3/AN3 


7 


A/D ~ . [e) 
al VELL: 
Register = <t 


Table 1 : A/D Input Mux Selection. 


A/D Control Register 
ACR2 ACR1 ACRO 


— + =+ += ©OO0oo 
-—- - Oo-- + Oo 
-o-+-'oO--O0O-+- 0 


* Internal (calibration) levels 


MISCELLANEOUS REGISTER (MR) 
7 6 0 


a ee a ee ee es es 8 


MR7 Bit 7— INT2 Interrupt Request Bit : Set when falling edge 
detected on INT2 pin, must be cleared by soft- 
ware. Cleared to 0 by Reset ss 

MR6 Bit 6—INT2 Interrupt Mask Bit - 1 = INT2 Interrupt 
masked (disabled). Set to 1 by Reset. 

MR Bits 5, 4, 3, 2, 1,0 — Read as "1s"— unused bits. 


Input Selected 


calibration purposes (VRH-VAL, VRH-VAL/2, VRH- 
Vri/4, and Vr). The accuracy of these internal 
channels will not necessarily meet the accuracy 
specifications of the external channels. 


The multiplexer selection is controlled by the A/D 
control register (ACR) bits 0, 1, and 2 ; see table 1. 
This register is cleared during any reset condition. 


Logic 


| Min, | Typ. | Max. | 


A/D RESULT REGISTER (ARR) 


vi 0 
MSB 1 1 1 1 1 LSB] $00F 
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Whenever the ACR is written, the conversion in pro- 
gress is aborted, the conversion complete flag (ACR 
bit 7) is cleared, and the selected input is sampled 
for five machine cycles and held internally. During 
these five cycles, the analog input will appear ap- 


EF6805R2 


proximately like a 25 picofarad (maximum) capaci- 
tor (plus approximately 10pF for packaging) charg- 
ing through a 2.6 kiloohm resistor (typical). Refer to 
figure 23. 


Figure 23 : Effective Analog Input Impedance (during sampling only). 


” 26kQ (Typical) 


Channel 
Select 


ne 25 pF (Maximum) 


= Virtual 
Ground 


The converter operates continuously using 30 ma- 
chine cycles to complete a conversion of the sam- 
pled analog input. When the conversion is complete, 
the digitized sample of digital value is placed in the 
A/D result register (ARR), the conversion complete 
flag is set, the selected input is sampled again, and 
a new conversion is started. 


The A/D is ratiometric. Two reference voltages (VRH 
and Vat) are supplied to the converter via port D 
pins. An input voltage equal to VRH converts to $FF 
(full scale) and an input voltage equal to Vat con- 
verts to $00. An input voltage greater than VRH con- 
verts to SFF and no overflow indication is provided. 
Similarly, an input voltage less than Vr-, but greater 
than Vss converts to $00. Maximum and minimum 
ratings must not be exceeded. For ratiometric con- 
version, the source of each analog input should use 


Figure 24 : Ideal Converter Transfer Characteristic. 


Vru as the supply voltage and be referenced to VAL. 
To maintain the full accuracy on the A/D, VrRH should 
be equal to or less than Vpp, Vat should be equal 
to or greater than Vss but less than the maximum 
specification and (VRH-VaL) should be equal to or 
greater than 4 volts. 


The A/D has a built-in LSB offset intended to reduce 
the magnitude of the quantizing error to LSB, rather 
than + 0, - 1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 
occurs at LSB above Vat. Similarly, the transition 
from $FE to $FF occurs 1 1/2 LSB below Van, 
ideally. Refer to figure 24 and 25. 

On release of reset, the A/D control register (ACR) 
is cleared therefore after reset, channel zero will be 


selected and the conversion complete flag will be 
clear. 


Error Convention 
+2 LSBs 


+10LSB 


+'/2 LSB 
i—I 


Vv 


i '* 2x 3x 4x 5x 6x 


R 


250x 251x 252x 253x 254x 255x VRH 


en _— 
x =556 «(Vay — Vp, )=1 LSB 
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Figure 25 : Types of Conversion Errors. 


{a) Oftset Error 


—1 7s) 'npur 
(Positive) 


BIT MANIPULATION 


The EF6805R2 as the ability to set or clear any 
single RAM or I/O bit (except the data direction reg- 
isters) with a single instruction (BSET, BCLR) (see 
Caution below). Any bit in page zero can be tested 
using the BRSET and BRCLR instructions and the 
program branches as a result of its state. The carry 
bit equals the value of the bit references by BRSET 
or BRCLR. The capability to working with any bit in 
RAM, ROM, or I/O allows the user to have individ- 
ual flags in RAM or to handle single I/O bits as con- 
trol lines. 


CAUTION 


The corresponding data direction registers for ports 
A, B, and C are write-only registers locations $004, 
$005, and $006). A read operation on these regis- 


Figure 26 : Bit Manipulation Example. 


2, PORTA, * 


1, PORTA 
0, PORTA, NEXT 


1, PORTA 
RAMLOC 


(b) Full Scale Error 


CLOCK NEXT BIT IN 
PICKUP BIT IN C-BIT 
RETURN CLOCK LINE HIGH 
MOVE C-BIT INTO RAM 


(c) Non-Linearity 


Digital 


{Input 


” (Vay 1 USB) 


Linearity 


ters is undefined. Since BSET and BCLR are read- 
modify-write functions, they cannot be used to seta 
data direction register bit (all "unaffected" bits would 
be set). Itis recommended that all data direction reg- 
ister bits in a port be written using a single-store ins- 
truction. 


The coding examples shown in figure 26 illustrate 
the usefulness of the bit manipulation and test in- 
struction. Assume that the microcomputer is to com- 
municate with an external serial device. The 
external device has a data ready signal, a data out- 
put line, and a clock line to clock data one bit at a 
time, least significant bit first out, of the device. The 
microcomputer waits until the data is ready, clocks 
the external device, picks up the data in the carry 
flag, clears the clock line, and finally accumulates 
the data bit in a random-access memory location. 


Senal Lg 
Device 


WAIT FOR READY 
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ADDRESSING MODES 


The EF6805R2 MCU has ten addressing modes 
available for use by the programmer. They are ex- 
plained briefly in the following paragraphs. For ad- 
ditional details and graphical illustrations, refer to the 
EF6805 Family Users Manual. 


The term "effective address" (EA) is used in describ- 
ing the addressing modes. EA is defined as the ad- 
dress from which the argument for an instruction is 
fetched or stored. 


IMMEDIATE - In the immediate addressing mode, 
the operand is contained in the byte immediately fol- 
lowing the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 


DIRECT - In the direct addressing mode, the effec- 
tive address of the argument is contained in a single 
byte following the opcode byte. Direct addressing 
allows the user to directly address the lowest 256 
bytes in memory with a single 2-byte instruction. 
This address area includes all on-chip RAM and I/O 
registers and 128 bytes of ROM. Direct addressing 
is an effective use of both memory and time. 


EXTENDED - Inthe extended addressing mode, the 
effective address of the argument is contained inthe 
two bytes following the opcode. Instructions with ex- 
tended addressing mode are capable of referencing 
arguments anywhere in memory with a single 3-byte 
instruction. When using the assembler, the user 
need not specify whether an instruction uses direct 
or extended addressing. The assembler automati- 
cally selects the shortest form of the instruction. 


RELATIVE - The relative addressing mode is only 
used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if, and only 
if, the branch condition is true. Otherwise, control 
proceeds to the nextinstruction. The span of relative 
addressing is from - 126 to + 129 from the opcode 
address. The programmer need not worry about cal- 
culating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to 
see if it is within the span of the branch. 


INDEXED, NO OFFSET - In the indexed, no offset 
addressing mode, the effective address of the argu- 
ment is contained in the 8-bit index register. Thus, 
this addressing mode can access the first 256 mem- 
ory locations. These instructions are only one byte 
long. This mode is often used to move a pointer 
through a table or to hold the address of a frequen- 
tly referenced RAM or I/O location. 
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INDEXED, 8-BIT OFFSET - In the indexed, 8-bit off- 
set addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg- 
ister and the unsigned byte following the opcode. 
This addressing mode is useful in selecting the kth 
element in an n element table. With this 2-byte ins- 
truction, k would typically be in X with the address 
of the beginning of the table in the instruction. As 
such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as lo- 
cation 510 ($1FE is the last location at which the ins- 
truction may begin). 


INDEXED, 16-BIT OFFSET - In the indexed, 16-bit 
offset addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg- 
ister and the two unsigned bytes following the op- 
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset except that 
this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended, the assem- 
bler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR - In the bit set/clear addressing 
mode, the bit to be set or cleared is part of the op- 
code, and the byte following the opcode specifies 
the direct address of the byte in which the specified 
bit is to be set or cleared. Thus, any read/write bit in 
the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single 2-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port be must writ- 
ten using a single-store instruction. 


BIT TEST AND BRANCH - The bit test and branch 
addressing mode is acombination of direct address- 
ing and relative addressing. The bit which is to be 
tested and condition (set or clear) is included in the 
opcode, and the address of the byte immediately fol- 
lowing the opcode byte. The signed relative 8-bit off- 
set in the third byte is added to the PC if the specified 
bit is set or cleared in the specified memory location. 
This single 3-byte instruction allows the program to 
branch based on the condition of any readable bit 
in the first 256 locations of memory. The span of 
branching is from - 125 to + 130 from the opcode 
address. The state of the tested bit is also trans- 
ferred to the carry bit of the condition code registers. 
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CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port be must writ- 
ten using a single-store instruction. 


INHERENT - In the inherent addressing mode, all 
the information necessary to execute the instruction 
is contained in the opcode. Operations specifying 
only the index register or accumulator, as well as 
control instructions with no other arguments, are in- 
cluded inthis mode. These instructions are one byte 
long. 


INSTRUCTION SET 


The EF6805R2 MCU has a set of 59 basic instruc- 
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 


REGISTER/MEMORY INSTRUCTIONS - Most of 
these instructions use two operands. One operand 
is either the accumulator or the index register. The 
other operand is obtained from memory using one 
of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions 
have no register operand. Refer to table 1. 
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READ-MODIFY-WRITE INSTRUCTIONS - These 
instructions read a memory location or a register, 
modify or test its contents, and write the modified 
value back to memory or to the register ; see Cau- 
tion under Input/Output section. The test for nega- 
tive or zero (TST) instruction is included in the 
read-modify-write instruction though it does not per- 
form the write. Refer to table 2. 


BRANCH INSTRUCTIONS - The branch instruc- 
tions cause a branch from the program when a cer- 
tain condition is met. Refer to table 3. 


BIT MANIPULATION INSTRUCTIONS - The ins- 
tructions are used on any bit in the first 256 bytes of 
the memory ; One group either sets or clears. The 
other group performs the bit test and branch oper- 
ations. Refer to table 4. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port be must writ- 
ten using a single-store instruction. 


CONTROL INSTRUCTION - The control instruc- 
tions contro! the MCU operations during program 
execution. Refer to table 5. 

ALPHABETICAL LISTING - The complete instruc- 
tion set is given in alphabetical order in table 6. 
OPCODE MAP - Table 8 is an opcode map for the 
instruction used on the MCU. 
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SIINOULIITIOUIIN 


9E/Ge 


Addressing Modes 
Indexed Indexed Indexed 
diat 
Tiron A extended ~ a (8 bit — * 6 bit oe 
Op A Bik 
Code Bias cies a me px bash ei erie eel pie pre oF be Pa se bis er 


[Load Atom Memory | UDA [As] 2 | 2 
peer ae teter aera retet eta eae te 
rstoreAinMerory | sts | | | [er}2|s (c7]s| «6 [r7[+|s |e|2| «6 |o|s|7_ 
te ae 
paawoneyok | woo [mee [2 fetes foals [8 fray [a 


Add Memory and ADC Ag C9 F9 
Carry toA 


[Subtract Memory | SUB_ | AO | 2 | 


Subtract Memory from| SBC a ae! 
A with Borrow 


0 waren [meta Pe EELSRES MEE 
OR Memory wih A” | ORA_| AA | fee mi 


Exclusive OR Memory a — F8 

with A 

Arithmetic Compare A | CMP Al Bt C1 F 1 E1 
with Memory 

Arithmetic Compare X CPX C3 F3 1 4 

with Memory 

Bit Test Memory with A C5 F5 

(logical compare) 


[Jump Unconditional | _aMP_| 
ae tet ee ete ter eee 


elf EERE [1 aqey 


c4S08944 


9dE 
9€/9¢ 
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Addressing Modes 


Indexed ieiciees 
ieee“ ei ee 


eameenet | MR? ed | nie eo ms rin Glee eee ed |p fain 5C eye fm 
[Decrement =f pec ‘| «Ap 1 [+ [sai 1{[«fale{e,mal,1}e][eale2 [7 
ee ee 
[congener | eon as [ya psf fs os 


Negate NEG — a 70 
(2's complement) 


[eo Let Tw Gary | ROL a [FT a 


Rotate Right Thru a 
zaly 


Logical ShitLeft | LsL_| 48 | 1 | 4 | se | 2 | 6 {7 | t+ | 6 | 68 | 
festa Disease tte pete pete pepe pete 
-Artmete Snit Right | ASA | 47 | 4 | 4 | ee jeter |e 7 


Test for Negative or TST 7D 1 
Zero 
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Table 3 : Branch Instructions. 


Op 
pen urone| te | es | nt 


Cl re Se 

a kel ae A 
i ee ee 
CT aa eal se a a ioe a ee ee 
|BranchFFlower | tO] | | 
|BranchIFFNotEqual | NE | | 
|Branch IFFEqual | ET | 
|Branch FF Half Carry Clear | BHCC || | 
Pench Hak cary set es fee 
Branch IFF Plus 
[aaa SS ASE a a A eS Se 
-Sraneh IF interupt mask bits clea J pwc | ac | gf 4 


Branch IFF menue line is high. BIH 


ae 
[Branch to Subruine tsa ee 


Table 4 : Bit ooo Instructions. 


te 
HE 


N 
as 


N 
aN 


au 
| 


NM] M PMP M ||P TP 
hy/A PRP RP RTA 


EEK 
; 


NO | PO 
A 


ine) 
m 


ho 


see Modes 
2s, | | «Bit Set/Clear | Bit Test and Branch 


Function Op # # 
Ee Bac ees Code | Bytes | Cycles 


a a (nT 
fematreinkces | ereineinso.n | [fret 3 0 
rset PBST (nwo. teen] 2 | 7 | [| 
Poearstn OBR (nwo) firveenl 2 | 7 | | | 
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Table 5 : Control Instructions. 
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a 6 : Instruction Set. 


Addressing Modes | Condition Code | Code 


Bit 
Indexed aah Indexed Bit 
-EErE re [re i | aah) fel 


pecs | 
eo | | CCU fe fo fo fe fo 


ci 


x< 


w 
<= 
- 


Pens iss ee ee ha eee 
ST ec |. jelelelele| 
LT a ee ee ee 
per | | x hE x xe TU x Te x fe feo fn [ [| 
Ce ae a a | ee ee ee ee eee 


ie) 
— 
” 
» 


2/3/22 
> | wo 


- 


Condition Code Symbols : Z Zero 

H — Half Carry (from bit 3) C  Carry/borrow 

| Interrupt Mask A Testand Set If True, Cleared Otherwise 
N Negative (sign bit) : Not Affected 
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Table 6 : Instruction Set (continued). 


— Addressing Modes 
Bi 
=e fei 
Ps a a a ST Sa SS | jelolelele 
parm {| x || x Poot x x fw fo fof fo 
pomp [| ot x oT xT x | x Tx x Tf fo [tata 
a a a a a ee ee 
porx | | x oT x | x | tT x | x | x Tf fot ata ta 
pore | x | TE x TTC xe x fw fot tafe 
Ca ease See ewe we eee Ooo 
we | x | ot x toot ot x | x PT feo feo fafa fol 
pe || x | xk Te Tx | xk Te fo fo fo le) 
rR | fT x | x TC xT x x fo fo foe le 
a a ee ee 
wx | {| x |x ft x | ot x | x | x {| fejel.lale| 
ess | x | ot kK TT x Te fo fo fant tn 
jis [| x | oT x | | CE x Ex fw fo fof tn 
Pweg | x [| {| x} ot ft x | x Ff fo fata tal 
Drei ae ea a (Ee | ee Or 
por {| x Tx] x | | x | xe | x Tf fo fata to 
pron | x | EK TT xe x fo fo tn af 
Eee a DC Cs (cee 
BM fe Me a eee 
pars | x [| | OT | To fe fe fo fe 
Ee a Ge a ee ee ee ee 
oe ae a | ee (a | | feo lolole|s 
=i een ee (ae a a ee ee ee 
Sis Fe Ve | De ee 
Se eee eee 
psup | | x oT xX | x | UT x | x Tx fw fof fada 
em | x | | | es ee ee 
m™ | x | | | | ft tf fw fo fo jo le 
fist | x | ot x TUT x Ex Tf fo ff fo 
TXA ee eT eee 
Condition Code Symbols : Carry/borrow 
H Half Carry (from bit 3) A Testand Set if True, Cleared Otherwise 
| Interrupt Mask J Not Affected 
N Negative (sign bit) ? Load CC Register from Stack 
Z Zero 
30/36 
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EF6805 HMOS FAMILY 


On-chip RAM (bytes) a 2 
On-chip User ROM (bytes) 1100 1796 2048 3776 2048 3776 
| 2 | 


28 
64 
External Bus 
Bidirectional I/O Lines 20 
1 2 
No 


Ne? 4 
Fexemnalinteruptinputs | 1 [1 ~| 2 | 2 | 2 [2 
[stop andwa | No | No [No [No | No | No 
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coe 
9E/ZE 


a 


NOSWOHL-S9S ELS | 


SOINOULITTIOUIIN 


gister/ Memo 


Sze ee R 
Pete | BSC RETIN) 


Sch cee = ea ae ae Cd 
5 bie 8 5, ry 
ae ME 
te oh. B *, Q Ni ! INA 0 x x . 0 
¢ 6 4 6 . 
0100 ATA 3 : OTA ! (NH | 3 INH (>. | % 2 athe xT x 0100 
t) 4 . 
ger ee ot 
Cais Cie 3 
INH er 


Zaiqel 


BRCLAS pote = u : Seftor rm tale lt salt ant 
DIR INK 
meen, fae <a Sel re ee ae aE fie [ht tae ee, 
IMM 
ae aber 2 Porn ee a? elie : Sagres ee eee 
BSC } 2 REL | 2 INH INH OI | 3 IX2] 2 


‘dey apoodo jas uojonsjsu Ajlwe+4 SOWH S089 


Abbreviations for Address Modes LEGEND 
INH Inherent 
IMM Immediate Opcode in Hexadecimal 
DIR Direct # of Cyel 
EXT Extended Ere yeres Opcode in Bina 
REL Relative Mnemonic m 
BSC Bit Set/Clear Bytes 
_ BTB Bit Test and Branch 
IX Indexed (No Offset) Address Mode 
IX1 Indexed, 1 Byte (8-Bit) Offset 


IX2 Indexed, 2 Byte (16-Bit) Offset 
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PACKAGE MECHANICAL DATA 
P SUFFIX — PLASTIC PACKAGE 


(1) Nominal dimension 
(2) True geometrical position 


FN SUFFIX — PLCC44 
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ORDERING INFORMATION 


The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS-THOMSON on EPROM(s) or 
an EFDOS/MDOS* disk file. 


To initiate a ROM pattern for the MCU, it is necess- 
ary to first contact your local S@S THOMSON re- 
presentative or distributor. 


EPROMs 


Two 2716 or one 2732 type EPROMs, programmed 
with the customer program (positive logic sense for 
address and data), may be submitted for pattern 
generation. The EPROM must be clearly marked to 
indicate which EPROM corresponds to which ad- 
dress space. The recommended marking proce- 
dure is illustrated below : 


XXX = Customer ID 


After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) 
are filled for contractual purposes and are not re- 
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica- 
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re- 
turned to SGS THOMSON. The signed verification 
form constitutes the contractual agreement for cre- 
ation of the customer mask. If desired, SGS—THOM- 
SON will program on blank EPROM from the data 


file used to create the custom mask and aid in the 
verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi- 
ency they are usually unmarked, packaged in ce- 
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus not 
guaranteed by SGS—-THOMSON. Quality Assur- 
ance, and should be discarded after verification is 
completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 


The customer must write the binary file name and 
company name on the disk with a felt-tip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6805 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con- 
sider submitting a source listing as well as the fol- 
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in- 
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft- 
ware errors and needs assistance quickly from 
SGS—THOMSON factory representatives. 


EFDOS is SGS THOMSON’ Disk Operating System 
available on development systems such as DE- 
VICE... 


MDOS* is MOTOROLA’s Disk Operating System 
available on development systems such as EXOR- 
ciser, ... 


* Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local S@GS THOMSON representative or 
SGS THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to your 


local S@GS THOMSON representative. 
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ORDER CODES 


EF6805R2 


Device Screening level 


Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating and screening 
level. Other possibilities on request. 


EF6805R2 


Examples: EF6805R2P, EF6805R2FN, EF6805R2PV, EF6805R2FNV. 


Package : C : Ceramic DIL, J : Cerdip DIL, P : Plastic DIL, E: LCCC, FN : PLCC. 

Oper. temp. : L* : 0°C to +70°C, V :—40°C to +85°C, T : 40°C to +105°C, * : may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 


EXORciser is a registered trademark of MOTOROLA Inc. 
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EF6805 FAMILY - MCU CUSTOMER ORDERING SHEET 


Commercial reference | | | | | | | | | | | Customer name 


Company 
Address 


Customer’s marking | | | | | | Phone 


Specification reference ; 


Application .J SGS-THOMSON Microelectronic reference 


ROM capacity required : 
Temperature range : a ae 
LI 0°C/+70°C i 16 

L} -25°C/+70°C 
LJ -40°C/+85°C 


I Other* (customer's quality specification ref.) : 


Package Software developped by : 
LJ Plastic [J SGS-THOMSON Microelectronic application lab. 
Lj PLCC J External lab. 

(J = Customer 


PATTERN MEDIA (alisting may be supplied in addition: OP NON LIST 
Gl EPROM Reteren -Oscillator input - Low voltage inhibit : 


EPROM Reference : 
[J EFDOS/MDOS* disk file = a = alec 


LJ 8" floppy 


L} 5" 1/4 floppy - Port A output drive : - Port C output drive : 


Other * [J CMOS and TIL LJ TIL 
[J TTL only LI = Open drain 
- Timer clock source : 
LJ Internal 2 clock 

Timer input pin 


* Requires prior factory approval 


Yearly quantity forecast : Start of production date : 
: for a shipment period of : 


CUSTOMER CONTACT NAME : SIGNATURE : 
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8 BIT MICROCOMPUTER WITH A/D 


a» A/D CONVERTER 
8-BIT CONVERSION, MONOTONIC 
4 MULTIPLEXED ANALOG INPUTS 
RATIOMETRIC CONVERSION 
a 32 TTL/CMOS COMPATIBLE I/O LINES 
24 BIDIRECTIONAL (8 lines are LED com- 


atible 
B INP T-ONLY P SUFFIX 
a» 3776 BYTES OF USER ROM (Plastic Package) 


» 112 BYTES OF RAM 
a SELF-CHECK MODE 


a INTERNAL 8-BIT TIMER WITH 7-BIT SOFT- | . 


» ZERO-CROSSING DETECT/INTERRUPT 
WARE PROGRAMMABLE PRESCALER AND FN SUFFIX 
CLOCK SOURCE (PLCC44) 
a 5V SINGLE SUPPLY 


SOFTWARE FEATURES 

» 10 POWERFUL ADDRESSING MODES PIN CONNECTIONS 

=» BYTE EFFICIENT INSTRUCTION SET WITH 
TRUE BIT MANIPULATION, BIT TEST, AND 
BRANCH INSTRUCTIONS 

» SINGLE INSTRUCTION MEMORY 
EXAMINE/CHANGE 

» POWERFUL INDEXED ADDRESSING FOR 
TABLES 

= FULL SET OF CONDITIONAL BRANCHES 

s MEMORY USABLE AS REGISTER/FLAGS 

=» COMPLETE DEVELOPMENT SYSTEM SUP- 
PORT ON INICE® 


USER SELECTABLE OPTIONS 

» 8 BIDIRECTIONAL I/O LINES WITH TTL OR 
TTL/ICMOS INTERFACE OPTION 2+} P00/ANO 

» 8 BIDIRECTIONAL I/O LINES WITH TTL OR Apa 
OPEN-DRAIN INTERFACE OPTION eee 

» CRYSTAL OR LOW-COST RESISTOR OSCIL- 
LATOR OPTION 

a» LOW VOLTAGE INHIBIT OPTION 

» VECTORED INTERRUPTS : TIMER, SOFT- 
WARE, AND EXTERNAL 

» USER CALLABLE SELF-CHECK SUBROU- 
TINES 


INICE® is S@S-THOMSON development/emulation tool. 
May 1989 1/36 
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DESCRIPTION 


The EF6805R3 Microcomputer Unit (MCU) is a 
member of the 6805 Family of low-cost single-chip 
Microcomputers. The 8-bit microcomputer contains 
a CPU, on-chip CLOCK, ROM, RAM, 1/O, 4-chan- 
nel 8-bit A/D, and TIMER. It is designed for the user 
who needs an economical microcomputer with the 


proven capabilities of the 6800-based instruction 
set. A comparison of the key features of several 
members of the 6805 Family of Microcomputers is 
shown at the end of this data sheet. The following 
are some of the hardware and software highlights 
of the EF6805R3 MCU. 


Figure 1 : EF6805R3 HMOS MICROCOMPUTER BLOCK DIAGRAM. 


: T XTAL 
Prescaler imer/ 
7 Counter 
Timer Control 


Accumulator 
8 A 
Index 
Reaqister 
8 


Condition 
Code 


Stack 

5 Pointer S 
Program 
Counter 
High PCH 
Program 
Counter 
Low PCL 


5 Register Cc 
P 


3776 x8 
User ROM 
192 x8 
Self-Check ROM 


Oscillator 


AID Analog 
x= zZ] MUX 
CPU rad 
Control 
PD2/AN2 Port 


EXTAL RESET INT 


PDO/ANO 
PDI/AN) 


PD3/AN3. DO 
PD4/Vp, Input 
PD5/V_ay Lines 
PD6/INT2 
Port D 
Input 


Data Port 
Dir Cc 


112x8 R R 
ens 


2/36 
ie f SGS-THOMSON 
7 CROELECTROMICS 


338 


EF6805R3 


ABSOLUTE MAXIMUM RATINGS 


Parameter | Value | Unit _| 
Supply Voltage — 0.3 to + 7.0 


Input Voltage (except TIMER in self-check mode and ~ 0.3 to + 7.0 
open-drain inputs) 
Input Voltage (open-drain pins, TIMER pin in self-check mode) — 0.3 to + 15.0 oe oc 


Operating Temperature Range 0 to + 70 i 
(TL to Ty V Suffix — 40 to + 85 
T Suffix — 40 to + 105 


V 
Storage Temperature Range — 55 to + 150 


Ty Junction Temperature Plastic Package 150 
PLCC 150 


This device contains circuitry to protect the inputs against damage due to high Static voltages or electrical fields ; however, 
it is advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this 
high-impedance circuit For proper operation it is recommended that Vin and Vout be constrained to the range Vss < (Vin or 
Vout) $ Vec Reliability of operation is enhanced if unused inputs except EXTAL are tied to an appropriate logic voltage level 
(e.g., either Vss or Vcc). 


THERMAL DATA 


Oya Thermal Resistance Plastic 50 °C/W 
PLCC 80 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C is configured to drive Darlington bases or sink LED 
can be obtained from : loads. 
Ty = Ta + (Pp- @ya) (1) An approximate relationship between Pp and Ty (if 
Where : Pport is neglected) is : 
Ta = Ambient Temperature, °C Po =K + (Ty + 273°C) (2) 
Qua = Package Thermal Resistance, Junc- Solving equations 1 and 2 for K gives : 
tion-to-Ambient, “C/W K = Pp - (Ta + 273°C) + Qua: Pp? (3) 
Pp = Pint + Pport Where K is a constant pertaining to the particular 


Pint = Icc x Voc, Watts - Chip Internal Power part. K can be determined from equation 3 by 
caraee measuring Pp (at equilibrium) fora known Ta. Using 
Pport = Port Power Dissipation, Watts - User this value of K the values of Pp and Ty can be ob- 
Determined tained by solving equations (1) and (2) iteratively for 
For most applications Peport << Pint and can be ne- any value of Ta. 
glected. Peport may become significant if the device 
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ELECTRICAL CHARACTERISTICS 
(Vcc = + 5.25Vde + 0.5Vdc, Vsg = OVdc, Ty = T, to Ty unless otherwise noted) 


[ Symbot | _Parameter_1_win. _1_Typ._1_wax. _ 


Input High Voltage 
RESET (4.75 < Voc < 5.75) 


— (Vcc < 4.75) 

INT (4.75 < Voc $ 5.75) 
(Vcc < 4.75) 

All Other (except TIMER) 


Input High Voltage Timer 
Timer Mode 
Self-check Mode 


Input Low Voltage 
RESET 

INT 

All Other (except A/D inputs) 


RESET Hystereris Voltages (see figures 10, 11 and 12) 
"Out of Reset" 
"Into Reset" 


INT Zero Crossing Input Voltage, through a Capacitor 


Power Dissipation - (no port loading, Vcc = 5.75V) 
Ta =0°C 
Ta =-— 40°C 


af 


Vires + 
VIRES - 


Vivr\ 


Note : Port D Analog Inputs, when selected, Cin = 25pF for the first 5 out of 30 cycles. 
* Due to internal biasing this input (when unused) floats to approximately 2.2V. 


Input Capacitance 
EXTAL 
All Other Except Analog Inputs (see note) 


Low Voltage Recover 
Low Voltage Inhibit 


Input Current 

TIMER (Vin = 0.4V) 

INT (Vin = 2.4V to Voc) 

EXTAL (Vin = 2.4V to Vcc, crystal option) 
(Vin = 0.4V, crystal option) 
RESET (Vin, = 0.8V) 

(external capacitor charging current) 


SWITCHING CHARACTERISTICS 
(Voc = + 5.25Vde + 0.5Vdc, Vsg = OVC, Ta = T, to Ty unless otherwise noted) 


Psymbot | avameter Tin [Typ [Tv 
Toe | Oscar Freeney SSSC~=~—~s—~‘i 
[toe | Gyele Time (few) das ts 


Enc |= oe el 
(see interrupt section) 

Ptewe | RESET Pulse With id tee 250) | 

| fir | INT Zero-crossing Detection Input Frequency | .03_ | || KHz 
a External Clock Input Duty Cycle (EXTAL) ee ee 
|__| Crystal Oscillator Startup Time’ | | | t0|_ms_ 


* See figure 16 for typical crystal parameters. 
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A/D CONVERTER CHARACTERISTICS 
(Voc = + 5.25Vde + 0.5Vde, Vsg = OVdc, Ta = T_ to Ty unless otherwise noted) 


[Parameter [Comments ‘| Min. | typ. [Mex | Unit 
A 
Nomineariy | For Vay =40 10 50VandVa soy [| «dee | se 
Poventang ener fe Pi 
a SC 
i eeaNAa 


A/D accuracy may decrease 
proportionately as Vay is reduced 

below 4.0V. The sum of Vay and Var 
must not exceed Vcc. 


Inherent ane total error) 


Zero Input Reading = Hexa- 
decimal 
Ratiometric Reading Vin = Va Hexa- 
decimal 


Ree Se I tee) 


Sample/hold Capacitance, 25 pF 
Input 
Analog Input Voltage Negative transients on any analog Vat VeaH V 
lines (pins 19-24) are not allowed at 
any time during conversion. 


PORT ELECTRICAL CHARACTERISTICS 
(Voc = + 5.25Vdc + 0.5Vdc, Vsg = OVdc, Ta = T, to Ty unless otherwise noted) 


PORT A WITH CMOS DRIVE ENABLED 


| Symbol | Parameter | Mins | Typ. | Max. | Unit 
ee a a ae eS 


Vou Output High Voltage 
ILoad =— 100HA 
ILoad =— 10HA 


Input High Voltage (ILoag =~ 300A max.) EE 2 ae se ee 
aa Input Low Voltage (ILoaq =— 500uUs max.) re aa i ee 
High-Z State Input Current (Vin = 2.0V to Vcc) fT L300 |p 
High-Z State Input Current (Vin = 0.4V) ee 
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PORT ELECTRICAL CHARACTERISTICS (continued) 
PORT B 


Output Low Voltage 
ILoad = 3.2mA 


VoL 
lon 
Vin 
Vit 


symbol [SP avameter SSS ye] a] on 
Vou | Ouiputtow vonage, now =tema——SSC~iSCCi‘C*‘iSC‘idCi SC 
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input High Volage —SSSSCSC*idtCn | dee | 

input Low vatage ——SSS~SSCMns | dw 

[rer | High-2 State put Gem ———SSSSCSCSC~sSSCSCSSidC we 


PORT C (open-drain option) 


Symbol 


Input High Voltage 


| Min. | 
VoL 


[Vou | Output Low Vonage ess =tema—SSC~iSCtC*‘dTSSS~*dtCt 


PORT D (digital inputs only) 


a 
[vu [input tow votage——SSSCS~S~S ns 
[in Pinputcunen™—SSSSe 


* PD4/Va.—PD5/Vru : The A/D conversion resistor (15kQ typical) is connected internally between these two lines, impacting their use as digital 
Inputs In some applications. 


Figure 2 : TTL Equivalent Test Load (port B). Figure 3 : CMOS Equivalent Test Load (port A). 


Vcc=5 75V 


1N916 
or Equiv. 1.45 kQ 


Test Point Sy 


4VU pr 1N4148 
(Total) or Equiv. 
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Figure 4: TTL Equivalent Test Load 
(ports A and C). 


Vcc =5.75V 


1N916 


or Equiv. 5.91 kQ 


1N4148 
or Equiv. 


30 pF 
(Total) 


SIGNAL DESCRIPTION 


The input and output signals for the CMU, shown in 
figure 1, are described in the following paragraphs. 


Vcc AND Vss . Power is supplied to the MCU using 
these two pins. Vcc is power and Vss is the ground 
connection. 


INT. This pin provides the capability for asynchron- 
ously applying an external interrupt to the MCU. 
Refer to Interrupts Section for additional informa- 
tion. 


XTAL AND EXTAL. These pins provide control input 
for the on-chip clock oscillator circuit. A crystal, are- 
sistor, or an external signal, depending on user se- 
lectable manufacturing mask option, can be 
connected to these pins to provide a system clock 
with various degrees of stability/cost tradeoffs. Lead 
lenght and stray capacitance on these two pins 
should be minimized. Refer to Internal Clock Gener- 
ator Options Section for recommendations about 
these inputs. 


Note : Pin 7 in DIL package/Pin 8 in PLCC package 
is connected to internal protection. 


TIMER - The pin allows an external input to be used 
to control the internal timer circuitry and also to in- 
itiate the self test program. Refer to Timer Section 
for additional information about the timer circuitry. 


RESET. This pin allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. The MCU can be reset by pull- 
ing RESET low. Refer to Resets Section for addi- 
tional information. 


INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO- 
PC7, PDO-PD7). These 32 lines are arranged into 
four 8-bit ports (A, B, C, and D). Ports A, B, and C 
are programmable as either inputs or outputs under 
software contro! of the data direction registers 


EF6805R3 


Figure 5 : Open - Drain Equivalent Test Load 
(port C). 


Vcec=5 /5V 
3.34 kQ 


sh 30 DF (Total) 


(DDRs). Port D has up to four analog inputs, plus two 
voltage reference inputs when the A/D converter is 
used (PD5/Vru, PD4/Vr_), and an INT2 input, and 
from one to eight digital inputs. If any analog input is 
used, then the voltage reference pins (PD5/Vru, 
PD4/Vr_) must be used in the analog mode. The two 
analog reference inputs are tied together internally 
with a resistor, therefore, if they are both used as digi- 
tal inputs problems may occur. Refer to Input/Output 
Section, A/D Converter Section, and Interrupts Sec- 
tion for additional information. 


MEMORY. The MCU is capable of addressing 4096 
bytes of memory and I/O registers with its program 
counter. The EF6805R3 MCU has implemented 
4092 of these bytes. This consists of : 3776 user 
ROM bytes, 192 self-check ROM bytes, 112 user 
RAM bytes, 7 port I/O bytes, 2 timer registers, 2 A/D 
registers, and a miscellaneous register ; see figure 
6 for the Address map. The user ROM has been split 
into two areas. The main user ROM area is from 
$080 to $F37. The last 8 user ROM locations at the 
bottom of memory are for the interrupt vectors. 


The MCU reserves the first 16 memory locations for 
I/O features, of which 12 have been implemented. 
These locations are used for the ports, the port 
DDRs, the timer, the INT2 miscellaneous register, 
and the A/D. Of the 112 RAM bytes, 31 bytes are 
shared with the stack area. The stack must be used 
with care when data shares the stack area. 


The shared stack area is used during the process- 
ing of an interrupt or subroutine calls to save the 
contents of the CPU state. The register contents are 
pushed onto the stack in the order shown in figure 7. 
since the stack pointer decrements during pushes, 
the low order byte (PCL) of the program counter is 
stacked first, then the high order four bits (PCH) are 
stacked. This ensures that the program counter is 
loaded correctly during pulls from the stack since the 
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stack pointer increments when it pulls data from the counter (PCL, PCH) contents being pushed onto the 
stack. A subroutine call results in only the program stack ; the remaining CPU registers are not pushed. 


Figure 6 : EF6805R3 CMU Address Map. 


76543 2 1 0 


Timer 
178 Byte 
Port A DDR* 
Port B DDR* 
* 
pai glias PortC DDR 


ROM 


Timer Control Reg 


Selt Check 
ROM 
(192 Bytes) 


Timer Interrupt 


interrupt External Interrupt 


{112 Bytes) 
Vectors 


Stack 
(31 Bytes Maxum) 


“ Caution : Data direction registers (DDRs) are write-only ; they read as $FF. 


Figure 7 : Interrupt Stacking Order. 


3. 2 1 +O 
Condition 
114 Code Register 
Index Register 


“ For subroutine calls, only PCH and PCL are stacked. 
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CENTRAL PROCESSING UNIT 


The CPU of the EF6805 Family is implemented in- 
dependently from the I/O or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with I/O and 
memory via internal address, data, and control 
buses. 


REGISTERS 


The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 8 and 
are explained in the following paragraphs. 


ACCUMULATOR (A). The accumulator is a general 
purpose 8-bit register used to hold operands and re- 
sults of arithmetic calculations or data manipulations. 


INDEX REGISTER (X). The index register is an 8- 
bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula- 
tions using the read-modify-write instructions. The 
Index Register may also be used as a temporary 
storage area. 

PROGRAM COUNTER (PC). The program counter 
is a 12-bit register that contains the address of the 
next instruction to be executed. 

STACK POINTER (SP). The stack pointer is a 12- 
bit register that contains the address of the next free 
location on the stack. During an MCU reset or the 
reset stack pointer (RSP) instruction, the stack 
pointer is set to location $07F. 

The stack pointer is then decremented as data is 
pushed onto the stack and incremented as data is 


Figure 8 : Programming Model. 


EF6805R3 


then pulled from the stack. The seven most signifi- 
cant bits of the stack pointer are permanently set to 
0000011. Subroutines and interrupts may be nested 
down to location $061 (31 bytes maximum) which 
allows the programmer to use up to 15 levels of sub- 
routine calls (less if interrupts are allowed). 


CONDITION CODE REGISTER (CC). The condi- 
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 
state. Each bit is explained in the following para- 
graphs. 


Half Carry (H). Set during ADD and ADC operations 
to indicate that a carry occurred between bits 3 
and 4. 


Interrupt (I). When this bit is set, the timer and ex- 
ternal interrupts (INT and INT2) are masked (dis- 
abled). If an interrupt occurs while this bit is set, the 
interrupt is latched and is processed as soon as the 
interrupt bit is cleared. 


Negative (N).When set, this bit indicates that the re- 
sult of the last arithmetic, logical, or data manipula- 
tion was negative (bit 7 in the result is a logical "1"). 


Zero (Z).When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation 
was zero. 


Carry/Borrow (C).When set, this bit indicates that 
a carry or borrow out of the Arithmetic Logic Unit 
(ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch in- 
structions plus shifts and rotates. 


7 
7 
7 
PCL 
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TIMER 


The timer circuitry for the EF6805R3 is shown in 
figure 10. The timer contains a single 8-bit software 
programmable counter with a 7-bit software select- 
able prescaler. The counter may be preset under 
program control and decrements toward zero. 
When the counter decrements to zero, the timer in- 
terrupt request bit, i.e., bit 7 of the timer control reg- 
ister (TCR), is set. Then if the timer interrupt is not 
masked, i.e., bit 6 of the TCR and the | bit in the con- 
dition code register are both cleared, the processor 
receives an interrupt. After completion of the current 
instruction, the processor proceeds to store the ap- 
propriate registers on the stack, and then fetches 
the timer interrupt vector from locations $FF8 and 
$FF9 in order to begin servicing the interrupt. 


The counter continues to count after it reaches zero, 
allowing the software to determine the number of in- 
ternal or external input clocks since the timer inter- 
rupt request bit was set. The counter may be read 
at any time by the processor without disturbing the 
count. The contents of the counter become stable 
prior to the read portion of a cycle and do not change 
during the read. The timer interrupt request bit re- 
mains set until cleared by the software. If a write oc- 
curs before the timer interrupt is serviced, the 
interrupt is lost. TCR7 may also be used as a 
scanned status bit in a non-interrupt mode of oper- 
ation (TCR6 = 1). 


The prescaler is a 7-bit divider which is used to ex- 
tend the maximum length of the timer. Bit 0, bit 1, 
and bit 2 of the TCR are programmed to choose the 
appropriate prescaler output which is used as the 
counter input. The processor cannot write into or 
read from the prescaler ; however, its contents are 
cleared to all zeros by the write operation into TCR 
when bit 3 of the written data equals one, which 
allows for truncation-free counting. 


The timer input can be configured for three different 
operating modes, plus a disable mode, depending 
on the value written to the TCR4 and TCR65 control 
bits. For further information see figure 9. ° 


Timer Input Mode 1 - If TCR5 and TCR4 are both 
programmed to a zero, the input to the timer is from 
an internal clock and the external TIMER input is 
disabled. The internal clock mode can be used for 
periodic interrupt generation, as well as a reference 
in frequency and event measurement. The internal 
clock is the instruction cycle clock. 


Timer Input Mode 2- With TCRS =0 and TCR4=1, 
the internal clock and the TIMER input pin are 
ANDed to form the timer input signal. This mode can 
be used to measure external pulse widths. The ex- 
ternal timer input pulse simply turns on the internal 
clock for the duration of the pulse widths. 
Timer Input Mode 3 - If TCR5 = 1 and TCR4 = 0, 
then all inputs to the timer are disabled. 
Timer Input Mode 4 - If TCR5 = 1 and TCR4 = 1, 
the internal clock input to the timer is disabled and 
the TIMER input pin becomes the input to the timer. 
The external TIMER pin can, in this mode, be used 
to count external events as well as external frequen- 
cies for eee ua as 

7 0 


TCR7 | TCR6 | TCRS | TCR4 | TCR3*| TCR2 | TCR1 | TCRO $009 


* Write only (read as zero) 


TCR7 - Timer Interrupt Request Bit : 


1 - Setwhen TDR goes to zero, or under pro- 
gram control 


0 - Cleared on external Reset, Power-On- 
Reset, or under Program Control. 


TCR6 - Timer Interrupt Mask Bit : 


1 - Timer Interrupt masked (disabled) Set on 
external Reset, Power-On-Reset, or 
under Program Control 


0 - Cleared under Program Control. 
TCRS5 - External or Internal Clock Source Bit : 


1 - External Clock Source. Set on external 
Reset, Power-On-Reset, or under Pro- 
gram Control 


0 - Cleared under Program Control. 
TCR4 - External Enable Bit : 


1 - Enable external TIMER pin. Set on exter- 
nal Reset, Power-On-Reset, or under 
Program Control. 


0 - Cleared under Program Control. 


Trons|cral—~—iwResuts 


0 0 Internal Clock to Timer 
0 1 
1 0 
1 1 


AND of Internal Clock and TIMER 
Pin to Timer 

Input to Timer Disabled 

TIMER Pin to Timer 
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TCR8 - Timer prescaler reset bit : A read of TCR3 
always indicates a zero. 


1 - Set on external Reset, Power-On-Reset 
or under Program Control. 


0 - Cleared under Program Control. 
TCR2, TCR1, and TCRO - Prescaler address bits : 


1- All set on external Reset, Power-On- 
Reset or under Program Control. 


O - Cleared under Program Control. 
Figure 10 : Timer Block Diagram. 
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Notes : 
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Figure 9 : Timer Control Register (TCR). 


TCR2|TCR1|TCRO| Result, 


+ +00++00/8]: 
—-o-0O0O+-0+ © 


tee ek OS OO 


Selected by TCRO 


ate TCR2 Caunter 
3 Bits 


Interrupt 
Control 


Cleared by Write Read Interrupt 
TCR3 


1 ee STS DR 
Software Functions 


1. Prescaler and 8-bit counter are clocked on the failing edge of the internal clock (AS) or external input 


2. Counter is written to during data strobe (DS) and counts down continuously. 


SELF-CHECK 


The self-check capability of the EF6805R3 MCU 
provides an internal check to determine if the part is 
functional. Connect the MCU as shown in figure 11 
and monitor the output of Port C bit 3 for an oscilla- 
tion of approximately 7Hz. A 10-volt level (through 
a 10k resistor) on the timer input, pin 8 and press- 
ing then releasing the RESET button, energizes the 
ROM-based self-check feature. The self-check pro- 
gram exercises the RAM, ROM, TIMER, A/D, inter- 
rupts, and I/O ports. 


Several of the self-check subroutines can be called 
by a user program with a JSR or BSR instruction. 
They are the RAM, ROM, and 4-channel A/D tests. 
The timer routine may also be called if the timer input 
is the internal @2 clock. 


To call those subroutines in customer applications, 
please contact your local SGS THOMSON sales of- 
fice in order to obtain the complete description of the 
self-check program and the entrance/exit condi- 
tions. 


RAM SELF-CHECK SUBROUTINE. The RAM self- 
check is called at location $F84 and returns with the 
Z bit clear if any error is detected ; otherwise the Z 
bit is set. The RAM test causes each byte-to count 
from 0 up to 0 again with a check after each count. 


The RAM test must be called with the stack pointer 
at $07F and A = 0. When run, the test checks every 
RAM cell except for $07F and $07E which are as- 
sumed to contain the return address. 


The A and X registers and all RAM locations except 
$07F and $07E are modified. 
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ROM CHECKSUM SUBROUTINE - The ROM self- otherwise Z = 1, X = 0 on return, and A is zero if the 
check is called at location $F95. The A register test passes. RAM location $40 to $043 is overwrit- 
should be cleared before calling the routine. If any ten. The checksum is the complement of the execu- 
error is detected, it returns with the Z bit cleared ; tion OR of the contents of the user ROM. 


Figure 11 : Self-check Connections. 


EF6805R3 
2 P 


PDO/ANO 
PD1/AN1 


* This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected 


LED Meanings 


Remarks 
1 0 1 0 


Bad I/O 

Bad Timer 

Bad RAM 

Bad ROM 

Bad A/D 

Bad Interrupts or Request Flag 


All Flashing Good Device 
Anything else bad Device, Bad Port C, etc. 
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ANALOG-TO-DIGITAL CONVERTER _ SELF- 
CHECK. The A/D self-check is called at location 
$FAE. It returns with the Z bit cleared if any error 
was found ; otherwise the Z bit is set. The A and X 
register contents are lost. The X register must be set 
to four before the call. On return, X =8 and A/D chan- 
nel 7 is selected. The A/D test uses the internal volt- 
age references and confirms port connections. 


TIMER SELF-CHECK SUBROUTINE. The timer 
self-check is called at location $F6D and returns with 
the Z bit cleared if any error was found ; otherwise 
Z=1. 


In order to work correctly as a user subroutine, the 
internal @2 clock must be the clocking source and 
interrupts must be disabled. Also, on exit, the clock 
is running and the interrupt mask is not set so the 
caller must protect from interrupts if necessary. 


The A and X register contents are lost. This routine 
sets the prescaler for divide-by-128 and the timer 
data register is cleared. The X register is configured 
to count down the same as the timer data register. 
The two registers are then compared every 128 
cycles until they both count down to zero. Any mis- 


Figure 12 : Typical Reset Schmitt Trigger Hysteresis. 


match during the count down is considered as an 
error. The A and X registers are cleared on exit from 
the routine. 


RESET 


The MCU can be reset three ways : by initial power- 
up, by the external reset input (RESET) and by an 
optional internal low-voltage detect circuit. The 
RESET input consists mainly of a Schmitt trigger 
which senses the RESET line logic level. A typical 
reset Schmitt trigger hysteresis curve is shown in 
figure 12. The Schmitt trigger provides an internal 
reset voltage ifit senses alogical zero on the RESET 
pin. 

Power-On Reset (POR).An internal reset is gener- 
ated upon powerup that allows the internal clock 
generator to stabilize. A delay of tRHL milliseconds 
is required before allowing the RESET input to go 
high. Refer to the power and reset timing diagram 
of figure 13. Connecting a capacitor to the RESET 
input (as illustrated in figure 14) typically provides 
sufficient delay. During powerup, the Schmitt trigger 
switches on (removes reset) when RESET rises to 
VIRES+. 
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Figure 13 : Power and Reset Timing. 


Internal 
Reset 


Figure 14 : RESET Configuration. 


1.0 LF 
Typical 
lL 


POR — 
Delay 


Capacitor 


* Disable LV! 


External Reset Input. The MCU will be reset if a 
logical zero is applied to the RESET input for a peri- 
od longer than one machine cycle (tcyc). Under this 
type of reset, the Schmitt trigger switches off at 
Vires- to provide an internal reset voltage. 


Low-Voltage Inhibit (LVI). The optional low-volt- 
age detection circuit causes a reset of the MCU if 
the power supply voltage falls below a certain level 
(Vivi). The only requirement is that Vcc remains at 
or below the Vivi threshold for one teye minimum. In 


Current 
Limiting 


(Optional) 


0>1->LVI 
1>0—->LVR 


Internal 
Reset 


Schmitt 
Trigger 


typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less 
than one teye. The output from the low-voltage de- 
tector is connected directly to the internal reset cir- 
cuitry. It also forces the RESET pin low via a strong 
discharge device through a resistor. The internal 
reset will be removed once the power supply volt- 
age rises above a recovery level (Vivr_), at which 
time a normal power-on-reset occurs. 
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INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to 
require a minimum of external components. A crys- 
tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari- 
ous stability/cost tradeoffs. The oscillator frequency 
is internally divided by four to produce the internal 
system clocks. A manufacturing mask option is used 
to select crystal or resistor operation. 


The different Connection methods are shown in 
figure 15. Crystal specifications and suggested PC 
board layouts are given in figure 16. A resistor se- 
lection graph is given in figure 17. 


The crystal oscillator start-up time is a function of 
many variables : crystal parameters (especially Rs), 
oscillator load capacitances, IC parameters, am- 
bient temperature, and supply voltage. To ensure 
rapid oscillator start up, neither the crystal charac- 
teristics nor the load capacitances should exceed 
recommendations. 


Figure 15 : Clock Generator Options. 


(See Note) CJ EF6805R3 
5 EXTAL MCU 
(Crystal Mask 


Option) 


Crystal 


EF6805R3 
SJ EXTAL MCU 


(Crystal Mask 
Option) 


External Clock 
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When utilizing the on-board oscillator, the MCU 
should remain in a reset condition (reset pin voltage 
below Vires-+) until the oscillator has stabilized at its 
operating frequency. Several factors are involved in 
calculating the external reset capacitor required to 
satisfy this condition : the oscillator start-up voltage, 
the oscillator stabilization time, the minimum VirEs., 
and the reset charging current specification. 


Once Vcc minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent 
on the capacitor value. The charging current is sup- 
plied from Vcc through a large resistor, so it appears 
almost like a constant current source until the reset 
voltage rises above Vires:. Therefore, the RESET 
pin will charge at approximately : 


(ViRES+) * Cext = IRES «tRHL 


Assuming the external capacitor is initially dis- 
charged. 


EF6805R3 
EXTAL MCU 


(Resistor Mask 
Option) 


Aporoximatety 28% to 50% Accuracy 
Typrcal toyc= 1 25 zs 
Extemat Jumper 


R 
EF68 
(Sea Figure 17) 5 Jexytar a 


No (Resistor Mask 


Option) 


Cunnecuon 


Approximately 10% to 25% Accuracy 
Extemal Ressstor 
(Exchades Resistor Tolerance) 


Note : The recommended C, value with a 4.0MHz crystal is 27pF, maximum, including system distributed capacitance. There is an internal ca- 
pacitance of approximately 25pF on the XTAL pin. For crystal frequencies other than 4MHz, the total capacitance on each pin should be 
scaled as the inverse of the frequency ratio. For example, with a 2MHz crystal, use approximately 50pF on EXTAL and approximately 
25pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used. 
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Figure 16 : Crystal Monotional Arm Parameters and Suggested PC Board Layout. 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq =4 0 MHz @ C; = 24 pF 

Rs =50 ohms Max 


[Sot Piezoelectric ceramic resonators 

A which have the equivalent speci- 

e ry ° 

SAO Crystal fications may be used instead of 

Aye crystal oscillators. Follow cera- 
mic resonator manufacturer's 


suggestions for Cg, C1, and Rs 
values 


EXTAL (5) 


Crystal 
EXTAL (5) (J XTAL (6) 


XTAL (6) LJ 


Note : Keep crystal leads and circuit connections as short as possible. 


Figure 17 : Typical Frequency Selection for Resistor (oscillator option). 
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INTERRUPTS 


The microcomputers can be interrupted four differ- 
ent ways : through the external interrupt (INT) input 
pin, the internal timer interrupt request, the external 
port D bit 6 (INT2) input pin, or the software inter- 
rupt instruction (SWI). When any interrupt occurs : 
the current instruction (including SWI) is completed, 
processing is suspended, the present CPU state is 
pushed onto the stack, the interrupt bit (I) in the con- 
dition code register is set, the address of the inter- 
rupt routine is obtained from the appropriate 
interrupt vector address, and the interrupt routine is 
executed. Stacking the CPU register, setting the | 
bit, and vector fetching require a total of 11 tcyc peri- 
ods for completion. A flowchart of the interrupt se- 
quence is ghown in figure 18. The interrupt service 
routine ee end with a return from interrupt (RTI) 
instruction which allows the MCU to resume pro- 


EF6805R3 


cessing of the program prior to the interrupt (by un- 
stacking the previous CPU state). Unlike RESET, 
hardware interrupts do not cause the current in- 
struction execution to be halted, but are considered 
pending until the current instruction execution is 
complete. 


When the current instruction is complete, the pro- 
cessor checks all pending hardware interrupts and 
if unmasked, proceeds with interrupt processing ; 
otherwise the next instruction is fetched and ex- 
ecuted. Note that masked interrupts are latched for 
later interrupt service. 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex- 
ecuted as any other instruction. 


Figure 18 : RESET and Interrupt Processing Flochward. 


11 (in CC) 
O7F ->SP 
O0->DDRs 

CLR INT Logic 
FF — Timer 
7F — Prescaler 
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FREI Execute All 
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Timer or 
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NOTE 


The timer and INT2 interrupts share the same vec- 
tor address. The interrupt routine must determine 
the source by examining the interrupt request bits 
(TCR b7 and MR b7). Both TCR b7 and MR b7 can 
only be written to zero by software. 


The external interrupt, INT and INT2, are syn- 
chronized and then latched on the falling edge of the 
input signal. The INT2 interrupt has an interrupt re- 
quest bit (bit 7) and a mask bit (bit 6) located in the 
miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is al- 
ways read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to 
process an interrupt when the condition code | bit is 
clear. 


Figure 19 : Typical Interrupt Circuits. 


A sinusoidal input signal (fint maximum) can be 
used to generate an external interrupt for use as a 
zero-crossing detector. This allows applications 
such as servicing time-of-day routines and engag- 
ing/disengaging ac power control devices. Off-chip 
full wave rectification provides an interrupt at every 
zero crossing of the ac signal and thereby provides 
a ef clock. See figure 19. 


NOTE 


The INT (pin 3) is internally biased at approximate- 
ly 2.2V due to the internal zero-crossing detection. 


A software interrupt (SWI) is an executable instruc- 
tion which is executed regardless of the state of the 
| bit in the condition code register. SWls are usually 
used as break-points for debugging or as system 
calls. 


A/D CONTROL REGISTER (ACR) 
7 6 5 4 3 2 1 0 
a Ee 
Bit 7—Conversion Complete Status Flag Set when 
conversion is complete, cleared only on a write 


to ACR 
Readable, not wntable 


Bits 2, 1,0 — A/D input Mux Selection (See Table 2} 
Bits 6, 5, 4, 3 read as ‘"1s’’— unused bits 


(a) Zero-Crossing Interrupt 


AC 


(Current 
Input 


(f Limiting) 


R<S1MG 
AC Input 
ZV Sane 


Av 


INPUT/OUTPUT CIRCUITRY 


There are 32 input/output pins. The INT pin may be 
polled with branch instructions to provide an addi- 
tional input pin. All pins on ports A, B, and C are pro- 
grammable as either inputs or outputs under 
software control of the corresponding data direction 
register (DDR). See below 1/O port control registers 
configuration. The port I/O programming is accom- 
plished by writing the corresponding bit in the port 
DDR to a logic one for output or a logic zero for input. 
On reset all the DDRs are initialized to a logic zero 
State, placing the ports in the input mode. The port 
output registers are not initialized on reset and 
should be initialized by software before changing the 
DDRs from input to output. A read operation on a 
port programmed as an output will read the contents 
of the output latch regardless of the logic levels at 


int Max) IN- EF6805R3 


(b} Digital-Signat Interrupt 


EF6805R3 
MCU 


the output pin, due to output loading. Refer to 
figure 20. 


PORT DATA REGISTER 
7 0 


ae 


Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 
Port D Addr = $003 


PORT DATA DIRECTION REGISTER (DDR) 
7 0 


aa 


(1) Write Only, reads as all "1s" 
(2) 1 = Output, 0 = Input Cleared to 0 by Reset 
(3) Port A Addr = $004 

Port B Addr = $005 

Port C Addr = $006 


18/386 
ee f SGS-THOMSO 
S/ sre Latta 


354 


EF6805R3 


Figure 20 : Typical Port I/O Circuitry. 
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Data Latched 
Direction Output 
Register *DDR 1s a write-only reqister and reads as all "1s" 
Bit j id Ports B.and C are three-state ports. 
Port A has optional! internal pullup devices to provide CMOS data 
drive capability See Electrical Characteristics tables for complete 
information 


All input/output lines are TTL compatible as both in- 
puts and outputs. Port A lines are CMOS compatible 
as outputs (mask option) while port B, C, and Dlines 
are CMOS compatible as inputs. Port D lines are 
input only ; thus, there is no corresponding DDR. 
When programmed as outputs, port B is capable of 
sinking 10 milliamperes and sourcing 1 milliampere 
on each pin. 


Port D provides the reference voltage, INT2, and 
multiplexed analog inputs. All of these lines are 
shared with the port D digital inputs. Port D may al- 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port be written 
using a single-store instruction. 


The latched output data bit (see figure 20) must al- 
ways be written. Therefore, any write to a port writes 


ways be used as digital inputs and may also be used 
as analog inputs providing VrH and Vr. are con- 
nected to the appropriate reference voltages. The 
Vat and Vru lines (PD4 and PDS) are internally con- 
nected to the A/D resistor. Analog inputs may be 
prescaled to attain the Va. and Van recommended 
input voltage range. 


The address map (figure 6) gives the addresses of 
data registers and data direction registers. Figure 
21 provides some examples of port connections. . 


all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg- 
ister and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write in- 
structions, since the data read corresponds to the 
pin level if the DDR is an input (zero) and corre- 
sponds to the latched output data when the DDR is 
an output (one). 
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Figure 21 : Typical Port Connections. 


20/36 


356 


(a) Output Modes 


(CMOS Loads) 


(1 TTL Load) 


Port A, bit 7 and bit 4 programmed as output. 
Bit 7 driving CMOS loads and bit 4 driving 
one TTL load directly using CMIOS output op- 
tion. 


Port B, bit 0 and bit 1 programmed as output, driving 
LEDs directly 


GQ iw 


ie HFe*lp 


2N6386 (Typical) 


Nn 
wo 


lar) 
~w 


i ine] 


NO) 
on 


Port B, tit 5 programmed as output, driving Darling- 
ton-base directly 


— 


—_ | 
pe) 


CMOS Inverter 
NMC 14049/ 14069 
(Typ,cal) 


— 


Port C, bits 0-3 programmed as output, driving CMOS 
leads, using external pullup resistors (required if Port 
C is open-drain) 


(b) Input Mades 


SN74LS04 (Typical) 


iC 14069 
(Typical) 


\ 7. 


SN74LS04 
(Typical) 


CMOS and TTL driving Port C directly 


ky SGS-THOMSON 


SN74LS04 or MC14069 


(Typical) 


PDO/ ANO 
PDI/AN1 
PD2/AN2 
PD3/AN3 
YRL 

VRH 
PD6/INT2 


MC 14069 


Port D used as 4-channel A/D input with bit 7 used as 
CNIOS digital input 
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ANALOG-TO-DIGITAL CONVERTER 


The EF6805R2 has an 8-bit analog-to-digital (A/D) 
converter implemented on the chip using a suc- 
cessive approximation technique, as shown in 
figure 22. Up to four external analog inputs, via port 
D, are connected to the A/D through a multiplexer. 
Four internal analog channels may be selected for 
calibration purposes (VRH-VrL, VRH-VaAL/2, VAH- 


Figure 22 : A/D Block Diagram. 


IA 
p.) 


D 
15 k (Ty 


PDS5/VaH 
PD4/VRL 


PDO/ANO 
PDI/AN1 
PD2/AN2 
PD3/AN3 


1-of-8 
Select 
Multiplexer 


7 
A/O 


Control 
Register 


Table 1 : A/D Input Mux Selection. 


A/D Control Register 


ACR2 ACR1 ACRO 


i a~a400=-8 = 00 
-o+-'0O0+?0+0 


* Internal (calibration) levels. 


MISCELLANEOUS REGISTER (MR) 
0 


7 6 
a 


A/D RESULT REGISTER (ARR) 


Input Selected 


EF6805R3 


Vr/4, and Va). The accuracy of these internal 
channels will not necessarily meet the accuracy 
specifications of the external channels. 


The multiplexer selection is controlled by the A/D 
control register (ACR) bits 0, 1, and 2 ; see table 1. 
This register is cleared during any reset condition. 


A/D Output (hex) 
| Min. | Typ. | Max. | 


MR7 Bit 7 -INT2 interrupt request bit : set when fall- 
ing edge detected on INT2 pin, must be 
cleared by software. Cleared to 0 by 
reset. 


MR6 Bit 6 -INT2 interrupt mask bit: 1 = INT2 inter- 


7 0 rupt masked (disabled). Set to 1 by 
MSB LSB | $00F ee | 
MR Bits 5, 4, 3, 2, 1,0 - Read as "1s" - unused bits. 
(jy SGS-THOMson 
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Whenever the ACR is written, the conversion in pro- 
gress is aborted, the conversion complete flag (ACR 
bit 7) is cleared, and the selected input is sampled 
for five machine cycles and held internally. During 
these five cycles, the analog input will appear ap- 


proximately like a 25 picofarad (maximum) capaci- 
tor (plus approximately 10pF for packaging) charg- 
ing through a 2.6 kiloohm resistor (typical). Refer to 
figure 23. 


Figure 23 : Effective Analog Input Impedance (during sampling only). 


2.6 k&2 (Typical) 


Channel 
Select 


i 25 pF (Maximum) 


— Virtual 
Ground 


The converter operates continuously using 30 ma- 
chine cycles to complete a conversion of the sam- 
pled analog input. When the conversion is complete, 
the digitized sample of digital value is placed in the 
A/D result register (ARR), the conversion complete 
flag is set, the selected input is sampled again, and 
a new conversion is started. 


The A/D is ratiometric. Two reference voltages (VRH 
and Vr_) are supplied to the converter via port D 
pins. An input voltage equal to VaH converts to $FF 
(full scale) and an input voltage equal to VrL con- 
verts to $00. An input voltage greater than VrH con- 
verts to SFF and no overflow indication is provided. 
Similarly, an input voltage less than Vr_, but greater 
than Vss converts to $00. Maximum and minimum 
ratings must not be exceeded. For ratiometric con- 
version, the source of each analog input should use 


Figure 24 : Ideal Converter Transfer Characteristic. 


2x 3x 4x 5x 6x 


VrH as the supply voltage and be referenced to VRL. 
To maintain the full accuracy on the A/D, VrH should 
be equal to or less than Vpp, Vat should be equal 
to or greater than Vss but less than the maximum 
specification and (VRH-VrAL) should be equal to or 
greater than 4 volts. 

The A/D has a built-in 1/2 LSB offset intended to re- 
duce the magnitude of the quantizing error to 1/2 
LSB, rather than + 0, - 1 LSB with no offset. This im- 
plies that, ignoring errors, the transition point from 
$00 to $01 occurs at 1/2 LSB above VRL. Similarly, 
the transition from $FE to $FF occurs 1 1/2 LSB 
below VRH, ideally. Refer to figure 24 and 25. 

On release of reset, the A/D control register (ACR) 
is cleared therefore after reset, channel zero will be 
selected and the conversion complete flag will be 
Clear. 


Error Convention 
l +2 LSBs 
+14LSB 


+1/2LSB 


I— 


in 
250x 251x 252x 253x 254x 255x Ven 


2 t a 
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Figure 25 : Types of Conversion Errors. 


(a) Offset Error 
Digital 
Output 
FF 


Input 
( VeH — 11LSB) 


Offset 
(Positive) 


BIT MANIPULATION 


The EF6805R8 has the ability to set or clear any 
single RAM or I/O bit (except the data direction reg- 
isters) with a single instruction (BSET, BCLR) (see 
Caution below). Any bit in page zero can be tested 
using the BRSET and BRCLR instructions and the 
program branches as a result of its state. The carry 
bit equals the value of the bit references by BRSET 
or BRCLR. The capability to working with any bit in 
RAM, ROM, or I/O allows the user to have individ- 
ual flags in RAM or to handle single I/O bits as con- 
trol lines. 


CAUTION 


The corresponding data direction registers for ports 
A, B, and C are write-only registers (locations $004, 


$005, and $006). A read operation on these regis- ° 


Figure 26 : Bit Manipulation Example. 


Senal 
Device 


2, PORTA, * 


1, PORTA 


0, PORTA, NEXT 


1, PORTA 
RAMLOC 


‘STA SGS-THOMSON 


(b) Full Scale Error 


Data , 


EF6805R3 


(c) Non-Linearity 


Digital 
Output 
FF 


Linearity 


ters is undefined. Since BSET and BCLR are read- 
modify-write functions, they cannot be used to set a 
data direction register bit (all "unaffected" bits would 
be set). It is recommended that all data direction reg- 
ister bits in a port be written using a single-store in- 
struction. 


The coding examples shown in figure 26 illustrate 
the usefulness of the bit manipulation and test in- 
struction. Assume that the microcomputer is to com- 
municate with an external serial device. The 
external device has a data ready signal, a data out- 
put line, and a clock line to clock data one bit at a 
time, least significant bit first, out of the device. The 
microcomputer waits until the data is ready, clocks 
the external device, picks up the data in the carry 
flag, clears the clock line, and finally accumulates 
the data bit in a random-access memory location. 


WAIT FOR READY 


CLOCK NEXT BIT IN 
PICKUP BIT IN C-BIT 
RETURN CLOCK LINE HIGH 
MOVE C-BIT INTO RAM 
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ADDRESSING MODES 


The EF6805R3 MCU has ten addressing modes 
available for use by the programmer. They are ex- 
plained briefly in the following paragraphs. For ad- 
ditional details and graphical illustrations, refer to the 
EF6805 Family Users Manual. 


The term "effective address" (EA) is used in describ- 
ing the addressing modes. EA is defined as the ad- 
dress from which the argument for an instruction is 
fetched or stored. 


IMMEDIATE. In the immediate addressing mode, 
the operand is contained in the byte immediately fol- 
lowing the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 


DIRECT. In the direct addressing mode, the effec- 
tive address of the argument is contained in a single 
byte following the opcode byte. Direct addressing 
allows the user to directly address the lowest 256 
bytes in memory with a single 2-byte instruction. 
This address area includes all on-chip RAM and I/O 
registers and 128 bytes of ROM. Direct addressing 
is an effective use of both memory and time. 


EXTENDED. In the extended addressing mode, the 
effective address of the argument is contained in the 
two bytes following the opcode. Instructions with ex- 
tended addressing mode are capable of referencing 
arguments anywhere in memory with a single 3-byte 
instruction. When using the assembler, the user 
need not specify whether an instruction uses direct 
or extended addressing. The assembler automati- 
cally selects the shortest form of the instruction. 


RELATIVE. The relative addressing mode is only 
used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if, and only 
if, the branch condition is true. Otherwise, control 
proceeds to the nextinstruction. The span of relative 
addressing Is from — 126 to + 129 from the opcode 
address. The programmer need not worry about cal- 
culating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to 
see if it is within the span of the branch. 


INDEXED, NO OFFSET. In the indexed, no offset 
addressing mode, the effective address of the argu- 
ment is contained in the 8-bit index register. Thus, 
this addressing mode can access the first 256 mem- 
ory locations. These instructions are one byte long. 
This mode is often used to move a pointer through 
a table or to hold the address of a frequently ref- 
erenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET. In the indexed, 8-bit off- 
set addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg- 
ister and the unsigned byte following the opcode. 
This addressing mode is useful in selecting the kth 
element in an n element table. With this 2-byte in- 
struction, k would typically be in X with the address 
of the beginning of the table in the instruction. As 
such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as lo- 
cation 510 ($1FE is the last location at which the in- 
struction may begin). 


INDEXED, 16-BIT OFFSET. In the indexed, 16-bit 
offset addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg- 
ister and the two unsigned bytes following the op- 
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset except that this 
3-byte instruction allows tables to be anywhere in 
memory. As with direct and extended, the assembler 
determines the shortest form of indexed addressing. 


BIT SET/CLEAR. In the bit set/clear addressing 
mode, the bit to be set or cleared is part of the op- 
code, and the byte following the opcode specifies 
the direct address of the byte in which the specified 
bit is to be set or cleared. Thus, any read/write bit in 
the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single 2-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port must be writ- 
ten using a single-store instruction. 


BIT TEST AND BRANCH. The bit test and branch 
addressing mode is a combination of direct address- 
ing and relative addressing. The bit which is to be 
tested and condition (set or clear) is included in the 
opcode, and the address of the byte to be tested is 
in the single byte immediately following the opcode 
byte. The signed relative 8-bit offset in the third byte 
is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte 
instruction allows the program to branch based on 
the condition of any readable bit in the first 256 loca- 
tions of memory. The span of branching is from — 125 
to + 130 from the opcode address. The state of the 
tested bit is also transferred to the carry bit of the con- 
dition code registers. 
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CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port must be writ- 
ten using a single-store instruction. 


INHERENT. In the inherent addressing mode, all 
the information necessary to execute the instruction 
is contained in the opcode. Operations specifying 
only the index register or accumulator, as well as 
control instructions with no other arguments, are in- 
cluded in this mode. These instructions are one byte 
long. 


INSTRUCTION SET 


The EF6805R3 MCU has a set of 59 basic instruc- 
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 


REGISTER/MEMORY INSTRUCTIONS. Most of 
these instructions use two operands. One operand 
is either the accumulator or the index register. The 
other operand is obtained from memory using one 
of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions 
have no register operand. Refer to table 1. 


EF6805R3 


READ-MODIFY-WRITE INSTRUCTIONS. These 
instructions read a memory location or a register, 
modify or test its contents, and write the modified 
value back to memory or to the register ; see Cau- 
tion under Input/Output section. The test for nega- 
tive or zero (TST) instruction is included in the 
read-modify-write instruction though it does not per- 
form the write. Refer to table 2. 


BRANCH INSTRUCTIONS. The branch instruc- 
tions cause a branch from the program when a cer- 
tain condition is met. Refer to table 3. 


BIT MANIPULATION INSTRUCTIONS. The _in- 
structions are used on any bit in the first 256 bytes 
of the memory ; One group either sets or clears. The 
other group performs the bit test and branch oper- 
ations. Refer to table 4. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port must be writ- 
ten using a single-store instruction. 

CONTROL INSTRUCTION. The control instruc- 
tions control the MCU operations during program 
execution. Refer to table 5. 

ALPHABETICAL LISTING. The complete instruc- 
tion set is given in alphabetical order in table 6. 


OPCODE MAP. Table 8 is an opcode map for the 
instruction used on the MCU. 
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c9b 


9€/9¢ 


NOSWOCHL-S9S thy 


SIINOULITTIOUSIN 


Store A in Memory 
Store X in Memory 


Add Memory to A 


Add Memory and 
Carry toA 


A with Borrow 


Exclusive OR Memory 
with A 

Arithmetic Compare A 
with Memory 
Arithmetic Compare X 
with Memory 

Bit Test Memory with A 
(logical compare) 
Jump Unconditional 
Jump to Subroutine 


Load A from Memory LDA 
Load X from Memory LDX 


Addressing Modes 


: E ded Indexed Indexed Indexed 
mmaglate mene? (no offset) (8 bit offset) (16 bit offset) 


Code/|Bytes Code|Bytes|Cycles|Code\Bytes Codae/|Bytes| Cycles |Code|Bytes|Cycles|Code\Bytes| Cycles 
| uA [Ae] 2 [ 2 fee} 2] 4 {co| 3 { 5 [rej + | 4 [ee{ 2] 5 [oo] 3] 6 
p uox [acl 2 | 2 [ee] 2 | 4 [cet 3s] s [re| 1 | 4 [eel 2] 5 [oe] 3] 6 
STA er fe 8 er eye fre fa Ser | 2 ef br [8 
pI fee BY] 21) 8 ser (ee) 6. ee tS ee tee. ORS a 
ADD [AB 2 | 2 [eB] 2] 4 [cB| 3] 5 |FBi 1 | 4 [eB] 2] 5 |oB| 3] 6 | 
eel Ui Hie Sack Gt Fuad Gael iad BP Ra it id ae eed ad 
| suB_[ao| 2 | 2 [eo{ 2] 4 {col 3] 5 |ro{/ 1 {| 4 {eo} 2] 5 |oo| 3] 6 | 
eat p rere ghee ie ee ek | 
| AND [as[ 2] 2 [eet2 | 4 [eats | 5 [Fa] 1 | 4 jes] 2 | 5 [oo] 3a] e | 
| ORA [AA| 2 | 2 [Ba] 2 | 4 [cats | 5 [FA| 1 | 4 |eA{ 2 | 5 [DA] 3{ 6 | 
Hail Dad Se Mil “wa lt ih Ga Bl co Mice TRG fn Ned ao nol td 
Haale Ae iat bl Sad ae hae Geld Sd hak a 
CPX 


BIT 


J 
JSR 


me) 


ete a 
Bod ad ocd Bek Ud Dek ial hit Hel DE hal id Nal 2 Wa 
ee 
a 


‘Suononysu) AIOWsewW/Ja}sibay : , aque 


€4S08944 


€9E 


NOSIWOHL-S5S ELS | 


SIINOULIITIOUIIN 


9E/Le 


Addressing Modes 


Indexed Indexed 

inherant.(4) annergnt(s) = (no ae (8 ——— 
Op 
Code Sse ‘cies lle oe Pie ods siti ais aac as ine baat =. eres 


Tineemen’ sf we pec f+ «fect: (4s, 2]« fo]: | 6 | 
[a OO Oa 
ee SB eee Se a ee ee 
[eonsienent cow fas [1 


Negate 4 oS 
Q's complement) 


[route tot Tw Gury] ROU_[ af V_[ a pe fea 


Rotate Right Thru 76 
Carry 


Mosical shite | ts | @ > 7]. 
foaeaoaemen [ue Pe ee eet pe pepe pe 
[artmote suit [asm [ar [1 Te or [fe for fe Pe Po Ps Pe Por Pe 


Test for Negative or TST 1 7D 1 
Zero 


EPH :% a1qeL 
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Table 3 : Branch Instructions. 


Relative Addressing Mode 


. Op # # 
30 2 


|BranchAlways BRAT 


Addressing Modes 


Bit Set/clear Bit Test and Branch 
Function Op # # Op # # 
Code | Bytes | Cycles| Code | Bytes | Cycles 


| Branch iFF Bitnisset_ | BRSETn(n=0...7) | | | 
| Branch IFF Bitnisclear | BRCLRn(n=0..7) | | | fot aenf 3 | 10 
| eas re 


No-operation 
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— 6 : Instruction Set. 


Addressing Modes | Condition Code | Code 


Bit 
Indexed | Indexed | Indexed 
sce ei) | 8) sever SAREE 


x< 


es | | CE CT x Tf fo fo lo lo 


poco} | TT x Tf fo fo fo fo | 
eT a (a re S| (a eee ee | fe jelelele 
a a a (A(R SS ae | je lelelele| 
ps | | EE x fe fe fo fo fo 
Sa ae = ies ele 
Oe ee SD 
per | | x hE xT x Te Ee x foto fad ate 
Be I eee a ed | felelelele 
jus | | TT xe To fo fo fo lo 
pemc | | TE x fe fo fo fo fo 
a ae a (ae a ee ee ee ee 
2 a a ae] ee eee ee ee eee Ooo 
a ee ee 
jeer {| | | CE x fe fo fe feo 
ae a a eae ee 1 a ee ee ee eee 
Se ee ee ee 
percun| =| | x fe fe fo fe] 
Be ee ee ee ee 

fesse see es 

Leelee ee a ae ee ee ae 
ae aa ae ee es 


Condition Code Symbols : 


H Half Carry (From Bit 3) C Carry/Borrow 
| Interrupt Mask /\. Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 
Z Zero 
Kj SSS:THOMSON es 
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Table 6 : Instruction Set (continued). 


—_— Addressing Modes 
a 
spf i DP 
FT Se eS ES a SS CN ES SS OC jolelele 
ESE a a Dee (EL ca Le ee 
op {| x | xX] x TU x x x fo fo dat ata 
eon [he Sle ES ee ee lia, 
orx | | x TE xX | x TE xT xe Te Tf feta fatal 
FTL (VS Ce Ue ee ee ee Oo 
ej ee ee ee ee 
ping | x [oot eT fo fe ta fo 
pe | ot x x x xe x fe feo fo lele 
se | ot xT xe | x x xe fe [ole fole| 
wat of x | x | x foot x | x | x | ft felela|ate| 
oe a ee ee eee 
eS ae ne eee a ee ee ee ee 
Le a Ds (ee ee ee ee ee 
neo | x [oT xX | xf fo tata tal 
pop | x [| Tf fo fe fe fe 
LE a SU ee oe ee eee Pe 
pron {| x [oT x | ex fe feo tat 
rsp | x || Efe fo fo fo fo 
ae a a (at ee va se EE 
aca a (ee ee ee eee Oo 
sso | | xT xe x Te xe x Tote tata dal 
ak Se (A(R jolels 
Fe a | | ee ee ee 
psa | Et x Tx x x x fo fo tata 
psx || xe Tx Tx xe Te To fof] fo] 
sup] | x TE xX | x | UT x Tx tT x Tete fad 
ae a (Pe a (ee 
Aa ene (ER (a (eae (| nn 
a Oe ee ee 
px | fo fo fo fo fo | 
Condition Code Symbols : 
H Half Carry (From Bit 3) C Carry/Borrow 
| Interrupt Mask A Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 
Z Zero ? Load CC Register From Stack 
30/36 
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EF6805 HMOS FAMILY 


[Features [EF 60082 | eFesosrs | eresosne | ereacsna | eroeosua | Erceosua 
external Bus ‘| None | None | None | None | None [None 
fstopandwart [| No [No [No | No [| No | No 
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9E/CE 


NOSIWOHL-S9S thy 


SIINOYLIAITIOUSIN 


See ete Read: Modity-Write_ oe 
on: 1: nal a a ae a So 


ae ani 
1MM eg OD 
IN { 
oe - ExT A a 1 As ne 
x 000 
6 0 4 
“ INM 2 nig ae 2 ane ExT } 3 1x2} 2 1X3 IX 
1 INH xt ft 1X DIR xT {3 1k 3 1010 
iM 
i 4 
fe ® 1 NH] J “4 a os 2 one a ei a 
IMM 
8SC } 2 arn 2 INH} 2 INH ExT pte 2 


Zelqel 


Register/ Memo ae! 
— 
| io | gy HC 


i 


‘dey apoodo jes uononsysu| Ajiwe-+4 SOWH S089 


Abbreviations for Address Modes LEGEND 

INH Inherent 

IMM Immediate Opcode in Hexadecimal 
DIR Direct Pareud 

EXT Extended of Cycles 

REL Relative hnerionié Opcode in Binary 

BSC Bit Set/Clear Bytes 

BTB Bit Test and Branch 

1X Indexed (No Offset) Address Mode 

1X1 Indexed, 1 Byte (8-Bit) Offset 


IX2 Indexed, 2 Byte (16-Bit) Offset 


€4S08944 


PACKAGE MECHANICAL DATA 
P SUFFIX - PLASTIC PACKAGE ~ 


| 16 }]max. 
| | 051 min 
! | 


(1) Nominal dimension 
(2) True geometrical position 


FN SUFFIX - PLCC44 


_e=127,lelelelelelelelelele| | 


Typ. 
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ORDERING INFORMATION 


The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS-THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 


To initiate a ROM pattern for the MCU, it is necess- 
ary to first contact your local SGS-THOMSON rep- 
resentative or distributor. 


EPROMs 


Two 2716 or one 2732 type EPROMs, programmed 
with the customer program (positive logic sense for 
address and data), may be submitted for pattern 
generation. The EPROM must be clearly marked to 
indicate which EPROM corresponds to which ad- 
dress space. The recommended marking proce- 
dure is illustrated below : 


XXX = Customer ID 


After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re- 
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica- 
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re- 
turned to SGS THOMSON. The signed verification 
form constitutes the contractual agreement for cre- 
ation of the customer mask. If desired, SGS-THOM- 
SON will program on blank EPROM from the data 


file used to create the custom mask and aid in the 
verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customers ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi- 
ency they are usually unmarked, packaged in ce- 
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus not 
guaranteed by SGS THOMSON. Quality Assur- 
ance, and should be discarded after verification is 
completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 


The customer must write the binary file name and 
company name on the disk with a felt-tip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6805 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con- 
sider submitting a source listing as well as the fol- 
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in- 
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft- 
ware errors and needs assistance quickly from 
SGS-THOMSON factory representatives. 


EFDOS is SGS-THOMSON’ Disk Operating Sys- 
tem available on development systems such as DE- 
VICE,... 


MDOS* is MOTOROLA’s Disk Operating System 
available on development systems such as EXOR- 
ciser,... 


* Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local S@S- THOMSON representative or 
SGS-THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to your 


local SGS-THOMSON Microelectronics representative. 
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ORDER CODES 
EF6805R3 


Device Screening level 


Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 


Device g P P g 


EF6805R3 


Examples : EF6805R3P, EF6805R3FN, EF6805R3PV, EF6805R3FNV. 


Package : C : Ceramic DIL, J : Cerdip DIL, P : Plastic DIL, &E: LCCC, FN : PLCC. 

Oper. temp. : * : 0°C to +70°C, V : —40°C to +85°C, T : —-40°C to +105°C, * : may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 


EXORciser ts a registered trademark of MOTOROLA Inc. 
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EF6805 FAMILY - MCU CUSTOMER ORDERING SHEET 


Commercial reference | | | | | | | | Customer name 


Customer’s marking 


Application 


ROM capacity required : 


Temperature range : 
LI 0°C/+70°C 

LI -40°C/+85°C 
L} -40°C/+105°C 


Package 
LJ Plastic 
LJ pPLcc 


PATTERN MEDIA (a listing may be supplied in addition 
for checking purposes) : 

EPROM Reference : 
[J EFDOS/MDOS* disk file 

LJ 8" floppy 

LJ] 5" 1/4 floppy 


Other * 


* Requires prior factory approval 


Yearly quantity forecast : 


CUSTOMER CONTACT NAME : DATE : 


36/36 


Company 
Address 
Phone 


Specification reference ; 
SGS-THOMSON Microelectronics reference 


Number of interrupt vector : | | | 


Quality level : 
[J sTD 
LJ D 


LJ Other* (customer's quality specification ref.) : 


Software developped by : 

I SGS-THOMSON Microelectronics application lab. 
J External lab. 

(Customer 


OPTION LIST 


-Oscillator input - Low voltage inhibit 
LI Xtal [1 Enabled 
L} RC (1 Disabled 


- Port A output drive : 
LJ =CMOS and TTL 
LJ TTLonly 


- Port C output drive : 
LJ TL 
LI Open drain 


start of production date : 
for a shipment period of : 


SIGNATURE : 


IT SGS-THOMSON 
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8-BIT MICROCOMPUTER 


ADVANCE DATA 
HARDWARE FEATURES 


a 32 TTL/CMOS COMPATIBLEI/O LINES 

a 24 BIDIRECTIONAL (8 lines are LED com- 
patible) 

as 8 INPUT-ONLY 

a 2048 BYTES OF USER ROM 

» 64 BYTES OF RAM 

» SELF-CHECK MODE 

a» ZERO-CROSSING DETECT/INTERRUPT 

» INTERNAL 8-BIT TIMER WITH 7-BIT MASK CB-521 
PROGRAMMABLE PRESCALER AND CLOCK ‘ L SUFFIX 
SOURCE in a PLCC44 

a 5V SINGLE SUPPLY NOs 


P SUFFIX 
(Plastic Package) 


SOFTWARE FEATURES 


a» 10 POWERFUL ADDRESSING MODES 

a BYTE EFFICIENT INSTRUCTION SET WITH 
TRUE BIT MANIPULATION, BIT TEST, AND 
BRANCH INSTRUCTIONS 

a SINGLE INSTRUCTION MEMORY 
EXAMINE/CHANGE 

» POWERFUL INDEXED ADDRESSING FOR 
TABLES 

a FULL SET OF CONDITIONAL BRANCHES 

» MEMORY USABLE AS REGISTER/FLAGS 

a COMPLETE DEVELOPMENT SYSTEM SUP- 
PORT ON INICE® 


USER SELECTABLE OPTIONS 


» INTERNAL 8-BIT TIMER WITH SELECTABLE 
CLOCK SOURCE (External Timer Input or Inter- 
nal Machine Clock) 

» TIMER PRESCALER OPTION (7 Bits, 2") 

» 8 BIDIRECTIONAL I/O LINES WITH TTL OR 
TTL/CMOS INTERFACE OPTION 

» 8 BIDIRECTIONAL I/O LINES WITH TTL OR 
OPEN-DRAIN INTERFACES OPTION 

» CRYSTAL OR LOW-COST RESISTOR OSCIL- 
LATOR OPTION 

s LOW VOLTAGE INHIBIT OPTION 

» VECTORED INTERRUPTS TIMER, SOFT- 
WARE, AND EXTERNAL 

s USER CALLABLE SELF-CHECK SUBROU- 
TINES 


EF6805U2 


INICE* is SGS-THOMSON’s development/emulation tool. 


May 1989 1/33 


This is advance information on a new product now in development or undergoing evaluation Details are subject to change without notice 
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DESCRIPTION TIMER. It is designed for the user who needs an 


The EF6805U2 Microcomputer Unit (MCU) is a  @Conomical microcomputer with the proven capa- 
member of the 6805 Family of low-cost single-chip bilities of several members of the 6805 Family of 


Microcomputers. The 8-bit microcomputer contains isle oi es ne sapere nae 
-chip CLOCK, ROM, RAM, I/O, and mae 
a CPU, on-chip software highlights of the EF6805U2 MCU. 


Figure 1 : EF6805U2 HMOS Microcomputer Block Diagram. 


XTAL EXTAL RESET NUM INT 
Prescater ae 
7 8 ounter 2 
Timer Control 


2 4 CPU 
Index Control 
Register 
8 4 
Condition 


Code 
5 Register cc 
P 


Stack 


5 Pointer s 


Program 
Counter 

4 High PCH 
Program 
Counter 

Low PCL 


2048 x 8 64x8 
192 x8 
Self-Check ROM 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter | Value | Unit 
Supply Voltage 


Min Input Voltage (except TIMER in self-check mode and — 0.3 to + 7.0 V 
open-drain inputs) 


Vin Input Voltage (open-drain pins, TIMER pin in self-check mode) — 0.3 to + 15.0 
Ta Operating Temperature Range 0 to + 70 °C 
V Suffix ~ 40 to +85 
(TL toTH) - T Suffix — 40 to + 105 


Storage Temperature Range — 55 to + 150 
C 


Tj Junction Temperature _—‘ Plastic Package 150 . 
PLCC 150 


This device contains circuitry to protect the inputs against damage due to high static voltages or electrical fields, however, it is advised 
that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. 
For proper operation it is recommended that Vin and Vout be constrained to the range Vss $ (Vin OF Vout) S$ Voc. Reliability of operation is 
enhanced if unused inputs except EXTAL are tied to an appropriate logic voltage level (e g. either Vss or Vcc). 


THERMAL DATA 


JA Thermal Resistance Plastic 50 °C/W 
PLCC 80 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C is configured to drive Darlington bases or sink LED 
can be obtained from : loads. 
Ty = Ta + (Pp * Qua) (1) 


An approximate relationship between Pp and Ty (if 


Where : Pport is neglected) is : 


Ta = Ambient Temperature, °C 


Pp=K+(Ty+273C 2 
Qa = Package Thermal Resistance, Juntion- ee ) (2) 
to-Ambient, °C/W Solving equations 1 and 2 for K gives : 
Pp = Pint + Pport K=Pp- (Ta+ 273°C) + 65a * Poo (3) 


Pint = Icc x Voc, Watts - Chip Internal Power Where K is a constant pretaining to the particular 
Pport = Port Power Dissipation, Watts - User part. K can be determined from equation 3 by 
Determined measuring Pp (at equilibrium) for a Known Ta. Using 
For most applications Pport < Pintandcanbene- __ this value of K the values of Pp and Ty can be ob- 


glected. Peport may become significant if the device tained by solving equations (1) and (2) iteratively for 
any value of Ta. 


ELECTRICAL CHARACTERISTICS (Voc = + 5.25Vdce + 0.5Vdc, Vsg = OVdc, Ta = T, to Ty unless 
otherwise noted) 


Parameter 


Input High Voltage 
RESET (4.75 < Vcc < 5.75) 
ps A (Vcc < 4.75) 
INT (4.75 < Voc < 5.75) 
(Vcc < 4.75) 
All Other (except timer) 


Input High Voltage Timer 
Timer Mode 
Self-check Mode 


Input Low Voltage 
RESET 
INT 
All Other 


RESET Hystereris Voltages (see figures 10, 11 and 12) 
"Out of Reset" 
__'Into Reset" 


Power Dissipation - (no port loading, Vcc = 5.75V) ° 
Ta =0°C 
Ta =— 40°C 


Cin Input Capacitance 
EXTAL 
All Other 


Low Voltage Recover 
Low Voltage Inhibit 


Lin Input Current 
TIMER (V,, = 0.4V) 
INT (Vin = 2.4V to Voc) 
EXTAL (Vin = 2.4V to Vcc - crystal option) 
(Vin = 0.4V - crystal option) 
RESET (Vin = 0.8V) - External Capacitor Charging 
Current 


* Due to internal biasing this input (when unused) floats to approximately 2.2V. 
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SWITCHING CHARACTERISTICS 
(Voc = + 5.25Vde + 0.5Vdce, Vsg = OVdc, Ty = T, to Ty unless otherwise noted) 


[symbol [| ——Ssarameter Sdn. typ. | Max. | Unit 
T fowe | Oscllator Frequency ——=—SSCSC~—~S~‘“~S*~idC 
[tee | Gyele Time (fe) ——SSCS~“~*‘idCs tO 


twr, twa | INT, INT2, and TIMER Pulse Width (see interrupt teye + 250 ns 
section) 
ns 


[tam | RESET Pulse width SS~*d ge HT |SCdCs 
INT Zero-crossing Detection Input Frequency ae ee ee (ee ee ee, 
50 %o 


| | External Clock Input Duty Cycle (EXTAL) 


aa Crystal Oscillator Start-up Time” 


* See figure 16 for typical crystal parameters 


PORT ELECTRICAL CHARACTERISTICS 
(Voc = + 5.25Vdec + 0.5Vdc, Vsg = OVdce, T, = T, to Ty unless otherwise noted) 


PORT A WITH CMOS DRIVE ENABLED 


Parameter 


Voi Output Low Voltage (ILoagq = 1.6mA) 


Vou Output High Voltage 
lLoad =— 100A : 


Input High Voltage (ILoaq = — 300HA max.) a ae 
( = 


Symbol 


2.0 
Input Low Voltage (leas = — 5001s max.) Ss aa ee 
High Z State Input Current (Vin = 2.0V to Vcc) PL = 800 yA 
High Z State Input Current (Vi, =0.4V) hee oe el ee Ot 


ViH 
Vit 
iy 
ie 


PORT B 


Symbol Parameter 


VoL Output Low Voltage 
lioad => 3.2mMA 
ILoad = 10mA (sink) 


Von | Output High Voltage ILoag =—- 200A ay a 
[ees aa 
a 
as 


Parameter 


ae 
| | Min. | | Unit 
Output Low Voltage ILoag = 1.6mMA ee Pa 
ee 
a 

a 


Input High Voltage 
Input Low Voltage Vss 


High Z State Input Current 
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PORT ELECTRICAL CHARACTERISTICS (continued) 
PORT C (open-drain option) 


[vm [inputrigh vonage ——SSCSC=“*‘“~*S*~‘“dSC Pit 
[vn [inputuow vonage ——SSCSC~=“‘~“‘*~*~“‘“~*~*~dtC‘ Ns Po 
Tiros | inputLeakage Curent ————SSSCS~—~—~sSC—~‘iSSC‘“iC Pts 
[vou | Output Low Voltage hase 218m ———SSSCSCSdCC we 


PORT D 


A 
0 
[vu [input Low votage SSS gs 
[tm [input Gurent—SSC—~—SsS—Ss—iSSC‘i ed 


Figure 2 : TTL Equivalent Test Load (port B). Figure 3 : CMOS Equivalent Test Load (port A). 


1N916 
or Equiv. 9 1.45 ko 


30 pF (Total) 


40 pF 1N4148 
(Total) or Equiv. 


Figure 4 : TTL Equivalent Test Load Figure 5 : Open-drain Equivalent Test Load 
(ports A and C). (port C). 


Vcc=9./5V 


2.91 k&r 


30 pF 1N4148 
(Total) or Equiv. 7 30 pF (Total) 


SIGNAL DESCRIPTION Refer to Interrupts Section for additional informa- 


The input and output signals for the MCU, shown in noite 

figure 1, are described in the following paragraphs. © XTAL AND EXTAL - These pins provide control 
input for the on-chip clock oscillator circuit. A crys- 
tal, a resistor, or an external signal, depending on 
user selectable manufacturing mask option, can be 


Vcc AND Vsgs - Power is supplied to the MCU using 
these two pins. Vcc is power and Vss is the ground 


connection. : 

ee OS a 7 connected to these pins to provide a system clock 
INT - This pin provides the capability forasynchron- —_—with various degrees of stability/cost tradeoffs. Lead 
ously applying an external interrupt to the MCU. _—|ength and stray capacitance on these two pins 
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should be minimized. Refer to Internal Clock Gener- 
ator Options Section for recommendations about 
these inputs. 


NUM (NON USER MODE) - This pin is not for user 
application and must be connected to Vss. 


TIMER - The pin allows an external input to be used 
to control the internal timer circuitry and also to in- 
itiate the self test program. Refer to Timer Selection 
for additional information about the timer circuitry. 


RESET - This pin allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. The MCU can be reset by pull- 
ing RESET low. Refer to Resets Section for addi- 
tional information. 


INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO- 
PC7, PDO-PD7) - These 32 lines are arranged into 
four 8-bit ports (A, B, C, and D). Ports A, B, and C 
are programmable as either inputs or outputs under 
software control of the data direction registers 
(DDRs). Port D is for digital input only and bit 6 may 
be used for a second interrupt INT2. Refer to 
Input/Output Section and Interrupts Section for ad- 
ditional information. 


Figure 6 : EF6805U2 MCU Address Map. 


| O Ports 
Timer 
Page Zero RAM 
Access with (128 Bytes) 
Short 


Instructions Page-Zero 


User ROM 
(128 Bytes) 


Not Used 
(1728 Bytes) 


Main User 
ROM 
(1912 Bytes) 


Self-Check 
ROM 
(192 Bytes) 


Timer Interrupt 


Interrupt 
Vectors 


MEMORY - The MCU is capable of addressing 4096 
bytes of memory and I/O registers with its program 
counter. The EF6805U2 MCU has implemented 
2314 of these bytes. This consists of 2048 user 
ROM bytes, 192 self-check ROM bytes, 64 user 
RAM bytes, 7 port I/O bytes, 2 timer registers, and 
a miscellaneous register ; see figure 6 for the Ad- 
dress map. The user ROM has been split into three 
areas. The main user ROM area is from $080 to 
$OFF and from $7CO to $F37. The last 8 user ROM 
locations at the bottom of memory are for the inter- 
rupt vectors. 

The MCU reserves the first 16 memory locations for 
I/O features, of which 10 have been implemented. 
These locations are used for the ports, the port 
DDRs, the timer and the INT2 miscellaneous regis- 
ter, and the 64 RAM bytes, 31 bytes are shared with 
the stack area. The stack must be used with care 
when data shares the stack area. 

The shared stack area is used during the process- 
ing of an interrupt or subroutine calls to save the 
contents of the CPU state. The register contents are 
pushed onto the stack in the order shown in 
figure 7. Since the stack pointer decrements during 
pushes, the low order byte (PCL) of the program. 


76 5 4 3 2.1.0 


Reserved 
(53 Bytes) 


RAM 
(64 Bytes) 
Stack 
(31 Bytes 
Maximum) 


*Caution Data Direction Registers (DDRs) are write-only, they read as $FF 
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Figure 7 : Interrupt Stacking Order. 


EF6805U2 


* For subroutine calls, only PCH and PCL are stacked 


CENTRAL PROCESSING UNIT 


The CPU of the EF6805 Family is implemented in- 
dependently from the I/O or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with I/O and 
memory via internal address, data, and control 
buses. 


REGISTERS 


The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 8 and 
are explained in the following paragraphs. 


ACCUMULATOR (A) - The accumulator is a general 
purpose 8-bit register used to hold operands and re- 


Figure 8 : Programming Model. 


sults of arithmetic calculations or data manipula- 
tions. 


INDES REGISTER (X) - The index register is an 8- 
bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula- 
tions using the read-modify-write instructions. The 
Index Register may also be used as a temporary 
storage area. 


PROGRAM COUNTER (PC) - The Program 
Counter is a 12 bit register that contains the address 
of the next instruction to be executed. 


Interrupt Mask 


Half Carry 
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STACK POINTER (SP) - The stack pointer is a 12- 
bit register that contains the address of the next free 
location on the stack. During an MCU reset or the 
reset stack pointer (RSP) instruction, the stack 
pointer is set to location $07F. The stack pointer is 
then decremented as data is pushed onto the stack 
and incremented as data is then pulled from the 
stack. The seven most significant bits of the stack 
pointer are permanently set to 0000011. Subrou- 
tines and interrupts may be nested down to location 
$061 (31 bytes maximum) which allows the pro- 
grammer to use up to 15 levels of subroutine calls 
(less if interrupts are allowed). 


CONDITION CODE REGISTER (CC) - The condi- 
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 
state. Each bit is explained in the following para- 
graphs. 

Half Carry (H) - Set during ADD and ADC oper- 
ations to indicate that a carry occurred between bits 
3 and 4. 

Interrupt (I) - When this bitis set, the timer and ex- 
ternal interrupts (INT and INT2) are masked (dis- 
abled). If an interrupt occurs while this bit is set, the 
interrupt is latched and is processed as soon as the 
interrupt bit is cleared. 

Negative (N) - When set, this bit indicates that the 
result of the last arithmetic, logical, or data manipu- 
lation was negative (bit 7 in the resultis alogical"1"). 
Zero (Z) - When set, this bit indicates that the result 
of the last arithmetic, or data manipulation was zero. 
Carry/Borrow (C) - When set, this bit indicates that 
a carry or borrow out of the Arithmetic Logic Unit 
(ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch 
instructions plus shifts and rotates. 


TIMER 


The timer circuitry for the MC6805U2 is shown in 
figure 10. The 8-bit counter may be loaded under 
program control and is decremented toward zero by 
the clock input (or prescaler output). When the timer 
reaches zero, the timer interrupt request bit (bit 7) 
in the timer control register (TCR) is set. The timer 
interrupt can be masked (disabled) by setting the 
timer interrupt mask bit (bit 6) in the TCR. The inter- 
rupt bit (I bit) in the condition code register also pre- 
vents a timer interrupt from being processed. The 


MCU responds to this interrupt by saving the pres- 
ent CPU state on the stack, fetching the timer inter- 
rupt vector from locations $FF8 and $FF9 and 
executing the interrupt routine (see RESET, 
CLOCK, AND INTERRUPT STRUCTURE SEC- 
TIONS). The timer interrupt request bit must be 
cleared by software. The interrupt request bit must 
be cleared by software. The TIMER and INT2 share 
the same interrupt vector. The interrupt routine must 
check the request bits to determine the source of 
the interrupt. 


The clock input to the timer can be from an external 
source (decrementing of timer counter occurs on a 
positive transition of the external source) applied to 
the TIMER input pin, or it can be the internal phase 
two signal. Three machine cycles are required for a 
change in state of the TIMER pin to decrement the 
timer prescaler. The maximum frequency of a sig- 
nal that can be recognized by the TIMER pin logic 
is dependent on the parameter labeled twu. The pin 
logic that recognizes the high state on the pin must 
also recognize the low state on the pin in order to 
"re-arm" the internal logic. Therefore, the period can 
be calculated as follows (assumes 50/50 duty cycle 
for a given period) : 


, | 
teye X 2 + 250ns = period = ——_- 
ay ‘ P freq 


The periods is not simply twH + twL. This computa- 
tion is allowable, but it does reduce the maximum 
allowable frequency by defining an unnecessarily 
longer period (250 nanoseconds times two). 


When the phase two signal is used as the source, it 
can be gated by an input applied to the TIMER input 
pin allowing the user to easily perform pulse-width 
measurements. The source of the clock input is one 
of the mask options that is specified before manu- 
facture of the MCU. 


NOTE 
For ungated phase two clock input to the timer pres- 
caler, the TIMER pin should be tied to Vcc. 


A prescaler option, divide by 2", can be applied to 
the clock input that extends the timing interval up to 
a maximum of 128 counts before decrementing the 
counter. This prescaling mask option is also speci- 
fied before manufacture. To avoid truncation errors, 
the prescaler is cleared when bit 3 of the timer con- 
trol register is written to a logic one (this bit always 
reads a logic zero). See figure 9. 
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Figure 9 : Timer Control Register (TCR). 
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Timer Interrupt Request Status Bit Set when TDR goes to zero, must 


be cleared by software Cleared to 0 by Reset 
Timer Interrupt Mask Bit : 1 = timer interrupt masked (disabled) 


Set to 1 by Reset 


Clear prescaler always reads as a 0, clears prescaler when written 


to a logic "1" 


TCR Bits 5, 4, 2, 1, 0 reads "1s" - unused bits 


The timer continues to count past zero, falling 
through to $FF from $00 and then continuing the 
count down. Thus the counter can be read at any 
time by reading the timer data register (TDR). This 
allows a program to determine the length of time 
since a timer interrupt has occured, and not disturb 
the counting process. 


Figure 10 : Timer Block Diagram. 


o2 
(Internal) 


At power up or reset, the prescaler and counter are 
initialized with all logic ones ; the timer interrupt re- 
quest bit (bit 7) is cleared and the timer interrupt 
mask bit (bit 6) is set. 


Prescaler 


Manufacturing 
Mask Options | 


; Write 


Internal Data Bus 


SELF-CHECK 


The self-check capability of the EF6805U2MCU 
provides an internal check to determine if the part is 
functional. Connect the MCU as shown in Figure 11 
and monitor the output of Port C bit 3 for an oscilla- 
tion of approximately 7Hz. A 10-volt level (through 
a 10k resistor) on the timer input, pin 8 and press- 
ing then releasing the RESET button, energizes the 
ROM-based self-check feature. The self-check pro- 


Timer Timer 
Interrupt Interrupt 
Request Mask 

Not 


Read Write Read 


gram exercises the RAM, ROM, TIMER, interrupts, 
and I/O ports. 


Several of the self-check subroutines can be called 
by a user program with a JSR or BSR instruction. 
They are the RAM, ROM, tests. The timer routine 
may also be called if the timer input is the internal © 
2 clock. 


To call those subroutines in customer applications, 
please contact your SGS-THOMSON Microelectro- 


& SGS-THOMSON 8B 
7 MICROELECTROMIES 


381 


EF6805U2 


nics sales office in order to obtain the complete dis- 
cription of the self-check program and the en- 
trance/exit conditions. 


RAM SELF-CHECK SUBROUTINE - The RAM self- 
check is called at location $F6F and returns with the 
Z bit clear if any error is detected ; otherwise the Z 
bit is set. The walking diagnostic pattern method is 
used on the EF6805U2. 


The RAM test must be called with the stack pointer 
at $07F. When run, the test checks every RAM cell 
except for $07F and $07E which are assumed to 
contain the return address. 


Figure 11 : Self-check connections. 


The A and X registers and all RAM locations except 
$07F and $07E are modified. 


ROM CHECKSUM SUBROUTINE - The ROM self- 
check is called at location $F8A. If any error is de- 
tected, it returns with the Z bit cleared ; otherwise Z 
= 1,X=0Oonreturn, and A is zero if the test passes. 
RAM location $040 to $043 is overwritten. The 
checksum is the complement of the execution OR 
of the contents of the user ROM. 


EF6805U2 


* This connection depends on clock oscillator user selectable mask option Use jumper if the RC mask option is selected 
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LED MEANINGS 


popes 
1 0 1 0 


0 
1 
1 
0 


All Flashing 


Note : Anything else bord Device, bad Port C, etc. 


TIMER SELF-CHECK SUBROUTINE - The timer 
self-check is called at location $FCF and returns 
with the Z bit cleared if any error was found ; other- 
wise Z = 1. 


In order to work correctly as a user subroutine, the 
internal © 2 clock must be the clocking source and 
interrupts must be disabled. Also, on exit, the clock 
is running and the interrupt mask is not set so the 
caller must protect from interrupts if necessary. 


The A and X register contents are lost. The timer 
self-check routine counts how many times the clock 
counts in 128 cycles. The number of counts should 
be a power of 2 since the prescaler is a power of 2. 
If not, the timer is probably not counting correctly. 
The routine also detects a timer which is not run- 
ning. 

RESET 


The MCU can be reset three ways : by initial power- 
up, by the external reset input (RESET) and by an 


Remarks 
(1 :LED ON ;0:LED OFF) 


Bad 1/0 

Bad Timer 

Bad RAM 

Bad ROM 

Bad Interrupts or Request Flag 


ooo 
oem 2. 
oe me ie) 


Good Device 


Figure 13 : Power and Reset Timing. 
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optional internal low-voltage detect circuit. The 
RESET input consists mainly of a Schmitt trigger 
which senses the RESET line logic level. A typical 
reset Schmitt trigger hysteresis curve is shown in 
figure 12. The Schmitt trigger provides an internal 
reset voltage if it senses a logical zero on the RESET 
pin. 

Power-On Reset (POR) - An internal reset is gener- 
ated upon powerup that allows the internal clock 
generator to stabilize. A delay of tau milliseconds 
is required before allowing the RESET input to go 
high. Refer to the power and reset timing diagram 
of figure 13. Connecting a capacitor to the RESET 
input (as illustrated in figure 14) typically provides 
sufficient delay. During poerup, the Schmitt trigger 
switches on (remove reset) when RESET rises to 
VIRES+. 


Figure 12 : Typical Reset Schmitt Trigger 
Hysteresis 


Reset 
0.8 V 2VvV 4v 


Virnes— Vines + 


“Dip” 
In Power 
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Figure 14 : RESET Configuration. 


Current 
Limiting 


Current 
Source 


* Disable LVI 


External Reset Input - The MCU will be reset if a 
logical zero is applied to the RESET input for a peri- 
od longer than one machine cycle (tcyc). Under this 
type of reset, the Schmitt trigger switches off at Vines 
to provide an internal voltage. 


Low-voltage Inhibit (LVI) - The optional low-volta- 
ge detection circuit causes a reset of the MCU if the 
power supply voltage falls below a certain level 
(Vivi). The only requirement is that Vcc remains at 
or below the Vivi threshold for one teye minimum. In 
typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less 
than one tcyc. The output from the low voltage de- 
tector is connected directly to the internal reset cir- 
cuitry. It also forces the RESET pin low via a strong 
discharge device through a resistor. The internal 
reset will be removed once the power supply volt- 
age rises above a recovery level (Viva), at which 
time a normal power-on-reset occurs. 


INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to 
require a minimum of external components. A crys- 
tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari- 
ous stability/cost trade-offs. The oscillator frequency 
is internally divided by four to produce the internal 
system clocks. A manufacturing mask option is used 
to select crystal or resistor operation. 


The different connection methods are shown in 


Strong 
Discharge 


(Optional) 


o-1->LVI 
1>0->LVR 


Internal 


B= 


Schmitt 
Trigger 


figure 15. Crystal specifications and suggested PC 
board layouts are given in figure 16. A resistor se- 
lection graph is given in figure 17. 


The crystal oscillator start-up time is a functions of 
many variables : crystal parameters (especially Rs), 
oscillator load cpacitances, IC parameters, ambient 
temperature, and supply voltage. To ensure rapid 
oscillator start up, neither the crystal characteristics 
nor the load capacitances should exceed recom- 
mendations. 


When utilizing the on-board oscillator, the MCU 
should remain in a reset condition (reset pin voltage 
below Vires+) until the oscillator has stabilized at its 
operating frequency. Several factors are involved in 
calculating the external reset capacitor required to 
satisfy this condition : the oscillator start-up voltage, 
the oscillator stabilization time, the minimum VirEs., 
and the reset charging current specification. 


Once Vcc minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent 
on the capacitor value. The charging current is sup- 
plied from Vcc through a large resistor, so it appears 
almost like a constant current source until the reset 
voltage rises above Vires.. Therefore, the RESET 
pin will charge at approximately : 


(Vires+) * Cext = IRES * tRHL 


Assuming the external capacitor is initially dis- 
charged. 
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Figure 15 : Clock Generator Options. 


(See Note) (J : EF6805U2 EF6805U2 
EXTAL MCU EXTAL MCU 
(Crystal Mask (Resistor Mask 
Option) Option) 


Crystal Approximately 25% to 50% Accuracy 
Typical teyc = 1.25 ys 
External Jumper 


External — EF6805U2 ; EF6805U2 
Clock 5 | EXTAL MCU (See Figure 17) EXTAL eu 


Input (Crystal Mask (Resistor Mask 
Option) Connection Option) 


External Clock Approximately 10% to 25% Accuracy 
External Resistor 
(Excludes Resistor Tolerance) 


Note : The recommended C, value with a 4.0MHz crystal is 27pF maximum, including system distributed capacitance There is an in- 
ternal capacitance of approximately 25pF on the XTAL pin For crystal frequencies other than 4MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2MHz crystal, use approximately 50pF on 
EXTAL and approximately 25pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used. 


Figure 16 : Crystal Motional ARM Parameters and Suggested PC Board Layout. 


AT - Cut Parallel Resonance Crystal 
Co = 7pF Max. 

Freq. = 4.0MHz @ Cy = 24pF 

Rs = 50 ohms Max. 


Piezoelectric ceramic resonators which have the 
equivalent specifications may be used instead of 
crystaloscillators.Followceramicresonatormanu- 
facturer’s suggestions for Co, C1, and Rs values. EXTAL (5) 


EXTAL (5) Crystal XTAL (6) 
XTAL (6) (] 


Note : Keep crystal leads and circuit connections as short as possible 
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Figure 17 : Typical Frequency Selection for Resistor (oscillator option). 


8.0 


a 302: 
o.UOlCOD 


bo 
° 


Oscillator Frequency (MHz) 
> 
ro) 


0 10 20 30 
Resistance (k{2) 


INTERRUPTS 


The microcomputers can be interrupted four differ- 
ent ways : through the external interrupt (INT) input 
pin, the internal timer interrupt request, the external 
port D bit 6 (INT2) input pin, or the software inter- 
rupt instruction (SWI). When any interrupt occurs : 
the current instruction (including SWI) is completed, 
processing is suspended, the present CPU state is 
pushed onto the stack, the interrupt bit (1) in the con- 
dition code register is set, the address of the inter- 
rupt routine is obtained from the appropriate 
interrupt vector address, and the interrupt routine is 
executed. Stacking the CPU register, setting the | 
bit, and vector fetching require a total of 11 tcyc peri- 
ods for completion. A flowchart of the interrupt se- 
quence is shown in figure 18. The interrupt service 
routine must end with a return from interrupt (RTI) 
instruction which allows the MCU to resume pro- 
cessing of the program prior to the interrupt (by un- 
stacking the previous CPU state). Unlike RESET, 
hardware interrupts do not cause the current ins- 
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truction execution to be halted, but are considered 
pending until the current instruction execution is 
complete. 


When the current instruction is complete, the pro- 
cessor checks all pending hardware interrupts and 
if unmasked, proceeds with interrupt processing ; 
otherwise the next instruction is fetched and ex- 
ecuted. Note that masked interrupts are latched for 
later interrupt service. 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex- 
ecuted as any other instruction. 


NOTE 


The timer and INT2 interrupts share the same vec- 
tor address. The interrupt routine must determine 
the source by examining the interrupt request bits 
(TCR b7 and MR b7). Both b7 and MR b7 can only 
be written to zero by software. 
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Figure 18 : Reset and Interrupt Processing Flowchard. 


11 (in CC) 
O7F SP 
0->DDRs 

CLR INT Logic 
FF > Timer 
7F > Prescaler 
7F—>TCR 
7F-F—>MR 


Put FFE on 
Address Bus 


Is Fetched 
Instruction 
on SWI ? 


FFE/FFF 


The external interrupt, INT and INT2, are syn- 
chronized and then latched on the falling edge of the 
input signal. The INT2 interrupt has an interrupt re- 
quest bit (bit 7) and a mask bit (bit 6) located in the 
miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is al 
ways read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to 
process an interrupt when the condition code | bit is 
clear. 


A sinusoidal input signal (fint maximum) can be 
used to generate an external interrupt for use as a 
zero-crossing detector. This allows applications 
such as servicing time-of-day routines and engag- 


Stack 
PC, X, A, CC 


Load PC From: 

SWI: FEC/FFD' 

INT: FFA/FFB 
Timer or 


INT2: FF8/FFS 


ing/disengaging ac power control devices. Off-chip 
full wave rectification provides an interrupt at every 
zero crossing of the ac signal and thereby provides 
a 2f clock. See figure 19. 


NOTE 


The INT (pin 3) is internally biased at approximate- 
ly 2.2V due to the internal zero-crossing detection. 


A software interrupt (SWI) is an executable instruc- 
tion which is executed regardless of the state of the 
| bit in the condition code register. SWls are usually 
used as break-points for debugging or as systems 
calls. 
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Figure 19 : Typical Interrupt Circuits. 


A/D CONTROL REGISTER (ACR) 


Conversion Complete Status Flag . Set when conversion ts complete, 
cleared only on a write to ACR. 

Readable, not writable. 

Bits 2,1,0- A/D input Mux Selection (see table 2). 

Bits 6,5,4,3 read as "1s" - unused bits. 


(a) Zero-Crossing Interrupt (b) Digitat Signal Interrupt 


BS (Current 


aipae Limiting) a 
(ayy Max.) EF6805U2 : EF6805U2 
RS1M& R MCU MCU 
AC Input 


710V o5 


AV] 


INPUT/OUTPUT CIRCUITRY PORT DATA REGISTER 
There are 32 input/output pins. The INT pin may be 7 0 


polled with branch instructions to provide an addi- 
tional input pin. All pins on ports A, B, and C are pro- PF 


rammabl ither in naer 
grammable as either inputs or outputs unde Port A Addr = $000 


software control of the corresponding data direction Port B Addr = $001 
register (DDR). See below I/O port control registers Port C Addr = $002 
configuration. The port I/O programming is accom- Port D Addr = $003 


plished by writing the corresponding bit in the port 
DDR to a logic one for output or a logic zero for input. 
On reset all the DDRs are initialized to a logic zero PORT DATA DIRECTION REGISTER (DDR) 


State, placing the ports in the input mode. 7 0 


The port output registers are not initialized on reset 
and should be initialized by software before chang- Psi 
ing the DDRs from input to output. A read operation 


: (1) Write only , reads as all "1s" 
on a port programmed as an output will read the (2) 1 = Output, 0 = Input Cleared to 0 by Reset 
contents of the output latch regardless of the logic (3) Port A Addr = $004 


levels at the output pin, due to output loading. Refer Port B Addr = $005 
to figure 20. Port C Addr = $006 


16/33 

CO SGS-THOMSON 
‘7 icrogvectromes 

388 


EF6805U2 


Figure 20 : Typical Port I/O Circuitry. 


Data 
Directuon Register 
Bi * 


79) 
ro 
@ 2 
= 
Se 
© é¢ 
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1S) 


Data Latched 
Direction Output 
Register Data 

Bit Bit 


* DDR ts a write-only register and reads as all'"1s" 

** Ports B, and C are three-state ports 

Port A has optional internal pullup devices to provide CMOS data 
drive capability. See Electrical Characteristics tables for complete 
information 


All input/output lines are TTL compatible as both in- 
puts and outputs. Port A lines are CMOS compatible 
as outputs (mask option) while port B, C, and D lines 
are CMOS compatible as inputs. Port D lines are 
input only ; thus, there is no corresponding DDR. 
When programmed as outputs, port B is capable of 
sinking 10 milliamperes and sourcing 1 milliampere 
on each pin. 


The address map (figure 6) gives the addresses of 
data registers and data direction registers. Figure 
21 provides some examples of port connections. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined 


Since BSET and BCLR are read-modify write in 
function, they cannot be used or clear a single DDR 
bit (all "unaffected" bits would be set). It is recom- 
mended that all DDR bits in a port be written using 
a single-store instruction. 


The latched output data bit (see figure 20) must al- 
ways be written. Therefore, any write to a port writes 
all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg- 
ister and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions, since the data read corresponds to the 
pin level if the DDR is an input (zero) and corres- 
ponds to the latched output data when the DDR is 
an output (one). 
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Figure 21 : Typical Port Connections. 


(a) Output Modes 


(CMOS Loads) 


ie = MFEPlD 


2N6386 tTyorca:! 


(1 TTL Load} 


Port A_ bit 7 and bit 4 programmed as output. 
Bit 7 driving CMOS toads and bit 4 driving 
one TTL load directly using CMOS output op- 
tion, 

Port B, bit 5 programmed as output diving Darling 
ton base directly 


MOS Inverter 
MC140439/ 14069 
1y yporcall 


«@— 10 mA 


Port 8B, bit 0 and bit 1 programmed as output, driving Port C, bits 0-3 programmed as output, diving CMOS 
LEDs dwectly loads, using external pullup resistors (required if Port 
C s open draint 


(b) Input Modes 


\/ 


SN74LS04 or MC14069 


SN74LS904 (Typical) (Typical) 


\ / 


TTL driving Port A duectly 


PDO 
PDI 
PD2 
PD3 


\/ 


MC 14069 
(Typical) 


_ 
on 


SN 74LS04 or MC14069 
(typical) 


12 


PDS 


POG/INT2 
PD? 


\ 7. 
sletlslllelel 


SN74LS04 
(Typical) 


CMOS and TTL driving Port C directly CMOS or TTL driving Port D directly 


363 SGs-THOMSON 
S/ i MICROELECTRONICS 
390 


BIT MANIPULATION 


The EF6805U2 as the ability to set or clear any 
single RAM or I/O bit (except the data direction reg- 
isters) with a single instruction (BSET, BCLR) (see 
Caution below). Any bit in page zero can be tested 
using the BRSET and BRCLR instructions and the 
program branches as a result of its state. The carry 
bit equals the value of the bit references by BRSET 
or BRCLR. The capability to working with any bit in 
RAM, ROM, or I/O allows the user to have individ- 
ual flags in RAM or to handle single I/O bits as con- 
trol lines. 


CAUTION 


The corresponding data direction registers for ports 
A, B, and C are write-only registers (locations $004, 
$005, and $006). A read operation on these regis- 


Figure 22 : Bit Manipulation Example. 


2, PORTA, * 


WAIT FOR READY 


1, PORTA CLOCK NEXT BIT IN 
0, PORTA, NEXT PICKUP BIT IN C-BIT 
1, PORTA 
RAMLOC 


ADDRESSING MODES 


The EF6805U2 MCU has ten addressing modes 
available for use by the programmer. They are ex- 
plained briefly in the following paragraphs. For ad- 
ditional details and graphical illustrations, refer to the 
EF6805 Family Users Manual. 


The term "effective address” (EA) is used in describ- 
ing the addressing modes. EA is defined as the ad- 
dress from which the argument for an instruction is 
fetched or stored. 


Immediate - In the immediate addressing mode, the 
operand is contained in the byte immediately follow- 
ing the opcode. The immediate addressing mode is 
used to access constants which do not change dur- 
ing program execution (e.g., a constant used to in- 
itialize a loop counter). 


Direct - In the direct addressing mode, the effective 
address of the argument is contained ina single byte 
following the opcode byte. Direct addressing allows 
the user to directly address the lowest 256 bytes in 


RETURN CLOCK LINE HIGH 
MOVE C-BIT INTO RAM 


EF6805U2 


ters is undefined. Since BSET and BCLR are read- 
modify-write functions, they cannot be used to set a 
data direction register bit (all "unaffected" bits would 
be set). It is recommended that all data direction reg- 
ister bits in a port be written using a single-store in- 
struction. 


The coding examples shown in figure 22 illustrates 
the usefulness of the bit manipulation and test ins- 
truction. Assume that the microcomputer is to com- 
municate with an external serial device. The 
external device has a data ready signal, a data out- 
put line, and a clock line to clock data one bit at a 
time, least significant bit first out of the device. The 
microcomputer waits until the data is ready, clocks 
the external device, picks up the data in the carry 
flag, clears the clock line, and finally accumulates 
the data bit in a random-access memory location. 


Serial 
Device 


memory with a single 2-byte instruction. This ad- 
dress area includes all on-chip RAM and I/O regis- 
ters and 128 bytes of ROM. Direct addressing is an 
effective use of both memory and time. 


Extended - In the extended addressing mode, the 
effective address of the argument is contained in the 
two bytes following the opcode. Instructions with ex- 
tended addressing mode are capable of referencing 
arguments anywhere in memory with a single 3-byte 
instruction. When using the assembler, the user 
need not specify whether an instruction uses direct 
or extended addressing. The assembler automati- 
cally selects ths hortest form of the instruction. 


Relative - The relative addressing mode is only 
used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if, and only 
if, the branch condition is true. Otherwise, control 
proceeds to the next instruction. The span of relative 
addressing is from - 126 to + 129 from the opcode 
address. The programmer need not worry about cal- 
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culating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to 
see if it is within the span of the branch. 


indexed, no Offset - In the indexed, no offset ad- 
dressing mode, the effective address of the argu- 
ment is contained in the 8-bit index register. Thus, 
this addressing mode can access the first 256 mem- 
ory locations. These instructions are only one byte 
long. This mode is often used to move a pointer 
through a table or to hold the address of a frequen- 
tly referenced RAM or I/O location. 


Indexed, 8-bit Offset - In the indexed, 8-bit offset 
addressing mode, the effective address is the sum 
of the contents of the unsigned 8-bit index register 
and the unsigned byte following the opcode. This 
addressing mode is useful in selecting the kth ele- 
ment in ann element table. With this 2-byte instruc- 
tion, k would typically be in X with the address of the 
beginning of the table in the instruction. As such, ta- 
bles may begin anywhere within the first 256 ad- 
dressable locations and could extend as far as 
location 510 ($1FE is the last location at which the 
instruction may begin). 


Indexed, 16-bit Offset - In the indexed, 16-bit off- 
set addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg- 
ister and the two unsigned bytes following the op- 
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset except that 
this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended, the assem- 
bler determines the shortest form of indexed ad- 
dressing. 


Bit Set/clear - In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode, and 
the byte following the opcode specifies the direct ad- 
dress of the byte in which the specified bit is to be 
set or cleared. Thus, any read/write bit in the first 
256 locations of memory, including I/O, can be se- 
lectively set or cleared with a single 2-byte instruc- 
tion. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port must be writ- 
ten using a single-store instruction. 


Bit Test and Branch - The bit test and branch aa- 
dressing mode is a combination of direct address- 


ing and relative addressing. The bit which is to be 
tested and condition (set or clear) is included in the 
opcode, and the address of the byte to be tested is 
in the single byte immediately following the opcode 
byte. The signed relative 8-bit offset in the third byte 
is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte 
instruction allows the program to branch based on 
the condition of any readable bit in the first 256 lo- 
cations of memory. The span of branching is from - 
125 to + 130 from the opcode address. The state of 
the tested bit is also transferred to the carry bit of 
the condition code registers. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port must be writ- 
ten using a single-store instruction. 


Inherent - In the inherent addressing mode, all the 
information necessary to execute the instruction is 
contained in the opcode. Operations specifying only 
the index register or accumulator, as well as control 
instructions with no other arguments, are included 
in this mode. These instructions are one byte long. 


INSTRUCTION SET 


The EF6805U2 MCU has a set of 59 basic instruc- 
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 


Register/memory Instructions - Most of these in- 
structions use two operands. One operand is either 
the accumulator or the index register. The other 
operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) 
and jump to subroutine (JSR) instructions have no 
register operand. Refer to table 1. 


Read-modify-write Instructions - These instruc- 
tions read a memory location or a register, modify 
or test its contents, and write the modified value 
back to memory or to the register ; see Caution 
under Input/Output section. The test for negative or 
zero (TST) instruction is included in the read-mod- 
ify-write instruction though it does not perform the 
write. Refer to table 2. 
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Branch Instructions - The Branch Instructions 
cause a branch from the program when a certain 
condition is met. Refer to table 3. 


Bit Manipulation Instructions - The instructions 
are used on any bitin the first 256 bytes of the mem- 
ory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer 
to Table 4. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 


EF6805U2 


Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port must be writ- 
ten using a single-store instruction. 


Control Instruction - The control instructions con- 
trol the MCU operations during program execution. 
Refer to table 5. 


Alphabetical Listing - The complete instruction set 
is given in alphabetical order in table 6. 


Opcode Map - Table 7 is an opcode map for the in- 
struction used on the MCU. 
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p6E 
CE/Se 


NOSWOHL-S)9S ELS | 


SIINOULITTIOUSIIN 


Addressing Modes 


Indexed Indexed indexed 
ees Op Op Op Op Op 
Code se bee a bie ee ii bie eran a bi oe cai a pee Pe bin ae 


[Coad Atom Memory | LDA | AG 

pee eee eter a tere at ey tere 
[Store AinMemory [sta | | | lerfe]s {[o7[e[« rv[1|s|e7[2]|«[o[s|7 
0 ee ee CEE 


| Add Memory toA | | Add Memory toA | to A 


Add Memory and ae ey 
Carry to A 


| Subtract Memory | | Subtract Memory | 


Subtract Memory from — 
A with Borrow 


AND Memory to A eee. | Ad 


OS Memory with A 


winnn re REE EEE EE ert ert ep 
Arithmetic Compare A Ai C1 E1 

with Memory 

Arithmetic Compare X CPX A3 C3 F3 

with Memory 

Bit Test Memory with A} BIT A5 cs FS 

(logical some) 


[Jump Unconditional | awe | |__| rec fe [4 
eee ae eee eee eae ee ee 


“SUOHONISU| PAA [EL oqey 


oNnsdsg9da 
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Table 2 : Read-Modify-Write Instructions. 


7] 
@ 
no) 
oO 
= 
0) 
Pre 
a 
O} 
rs 
he 
x?) 
x] 
<= 


ome, 

@ 
Cu 
® = 
se 
a 0 
Te = 
£2 
feo] 
al 
Py 
i om. 
ey 
oun 
ee) 
£ oO 
-— 
~— 
4 
rs 
ad 
ioe 
@ 
he 
(+9) 
Roy 
& 
os 
<< 
Lael 
Gas 
c 
@ 
he 
@ 
£ 
& 


Rotate Left Thru Carry 
Rotate Right Thru 


Carry 
Arithmetic Shift Right 


Complement 

(2'S complement) 
Logical Shift Left 
Logical Shift Right 
Test for Negative or 


Increment 
Decrement 
Negate 
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Table 3 : Branch Instructions. 


Relative Addressing Mode 


: Op # # 
| Fametion | treme | ede | ays | cyte 
21 


Branch Never R 
Branch IFF Higher H 
Branch IFF Lower or Same BLS 
Branch IFF Carry Clear C 
(Branch IFF Higher or Same) BHS 
Branch IFF Carry Set C 
(Branch IFF Lower) (BLO) 
Branch IFF Not Equal 
Branch IFF Equal 

Branch IFF Half Carry Clear 
Branch IFF Half Carry Set 
Branch IFF Plus ~ 

Branch IFF Minus 

Branch IFF interrupt mask bit is clear. BMC 
M 


Zz 


th 


© 


es) wim) o 
Zz 
| M 
~ we) 


ye) 
© 


se) 


E 
BHCC 


BHCS 2 


08) 

U 

— 
O};}W\;>r|o 


Ww 


Branch IFF interrupt mask bit is set. 
Branch IFF interrupt line is low. 


Ww 


wlo|2 
= 


Branch IFF interrupt line is high. H 


Branch to Subroutine 


@ 
192) 
DD 
> 


O 


Table 4 : Bit Manipulation Instructions. 


Addressing Modes 
Bit Set/clear Bit Test and Branch 


Code | Bytes | Cycles| Code | Bytes | Cycles 
Branch IFF bitnisset. | BRSETn(n=0..7) [| | | | en | 3 | 10 | 
Clear Bit n BCLR n (n =0.....7 MieOen|. 22 «pe ies - ee 
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Table 5 : Control Instructions. 


Function Op 7 
Code Bytes Cycles 


Transfer X to A 


Return trom interupt ——~—SCS~S~CS~iS Tt 


No-operation 
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= 6 : Instruction Set. 


Addressing Modes Condition Code 


Bit 
Paice acy ee 
Branch 
fa fe | 


aia (eas 


ee ee ee ee ee ee ee ee ee 
pence ee eles les 
Ei a (a as A (A ee ee ee OO 
ae as (eee (SU (Re (ee (ee eel a a 
Ee A 


BLO 


x< 


x< 


B 
mz 
i 


ow 
FE a ees eee ee ee ee 


jue) 
e 
Fi 


ae ee eee 

ae a a es ee ee ee ee ee ee eee Oo 
cn ee ee ae a ie eee OOS 
eae eae as ee Se pf feo fo lole 
a Seed Pe res ee ee (ee ee ee es 
a ee a ee ee ee eee Oe 
fe, ee eee se) 
ee ey ae ee Se ee ee ee ee 
px fot eo fo fo fo fo 


Condition Code Symbols : Z Zero 

H Half Carry (from bit 3) Cc Carry/borrow 

| Interrupt Mask A Test and Set if True, Cleared Otherwise 
N Negative (sign bit) ° Not Affected 
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— 6 : Instruction Set (continued). 


Addressing Modes Condition Code 
Indexed | Indexed | Indexed Bit yy 
Imm ahare Extended) Relative | ottset)| (8 Bits) | (16 Bits) |Set/clear _ : 


{ 


‘ 
ii 
Et : 
E . 
opel 
Es Pe = | 
= | ea | 


oom 


COM 


DEC 


- 
E - 
E f 
- 
> 
Ed 
> 


Fa 
a 


?) 
U0 
x< 


Zz 

2) 

i 
i 
+f 
7 
7 
a 
is, 


- 
el 
Ei 


LDA 


a a 
rox [fx 


. 

7 
Fp 
-P 

es 


- |r 
ope?) 
D |r 
aa 
|x 
EE 
BEBE 
elle 


7 
: 
. 
: 
es 
Ea 


Condition Code Symbols : Z Zero 

Half Carry (from bit 3) Cc Carry/borrow 
| Interrupt Mask A Test and Set if True Cleared Otherwise 
N Negative (sign bit) ° Not Affected 
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EF6805 HMOS FAMILY 


) 
20 


On-chip User ROM (bytes 1100 1796 2048 3776 2048 3776 

External Bus "None 

Bidirectional VOLines | 20, | 20 | ee | 24 
2 


FExternalinteruptinputs [1 | 1 | 2 | 2 [| 2 | 2 
rstopandwar | No [No | No | No | No [No 


eees CC  SGS-THOMSON 
S/ i MICROELECTRONICS 
400 


LOv 


NOSWOHL-S)S thy 


SIINOULITTIOUSIN 


CE/6e 


BASETS BSET6 
4 


‘RSET? "SET? 


Abbreviations for Address Modes 


INH 
IMM 
DIR 
EXT 
REL 
BSC 
8TB 
IX 
1X1 
1X2 


Inherent 

Immediate 

Direct 

Extended 

Relative 

Bit Set/ Clear 

Bit Test and Branch 

Indexed {No Offset) 

Indexed, 1 Byte (8-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 


Read-Modi 


| ROLX 


ete 


DECX 
t INH 


White 


ue 2 Une 2 INH | 2 INH eee 2 


LEGEND 


ee 

DIR | 3 xT 

ocean a 
INH 


male |  elmly all e 
OiP } 3 €xT } 3 1X 2 xt jt IX 
6 4 
i CHC eal i 
IMM] 2 OIR | 3 


Register/Memo 


xT f[ 3 tx2 | 2 xit 1 1X 


Vd 
go 
2 

es) 


oF se 


Opcode in Hexadecimal 


# of Cycles 
Mnemonic 
Bytes 


Opcode tn Binary 


Address Mode 


Zeiqel 
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PACKAGE MECHANICAL DATA 
CB-182 PLASTIC 


(1) Nominal dimension 
(2) True geometrical position 


CB-521 
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ORDERING INFORMATION 


The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 


To initiate a ROM pattern for the MCU, it is necess- 
ary to first contact your local SG€S—THOMSON rep- 
resentative or distributor. 


EPROMs 


Two 2716 or one 2732 type EPROMs, programmed 
with the customer program (positive logic sense for 
address and data), may be submitted for pattern 
generation. The EPROM must be clearly marked to 
indicate which EPROM corresponds to which ad- 
dress space. The recommended marking proce- 
dure is illustrated below : 


After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) 
are filled for contractual purposes and are not re- 
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica- 
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re- 
turned to SGS~THOMSON. The signed verification 
form constitutes the contractual agreement for cre- 
ation of the customer mask. If desired, SS THOM- 
SON will program on blank EPROM from the data 
file used to create the custom mask and aid in the 
verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 


EF6805U2 


have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi- 
ency they are usually unmarked, packaged in ce- 
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus not 
guaranteed by SGS THOMSON. Quality Assur- 
ance, and should be discarded after verification is 
completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided. 
EFDOS/MDOS* compatible floppies. 


The customer must write the binary file name and 
company name on the disk with a felt-tip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6805 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con- 
sider submitting a source listing as well as the fol- 
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in- 
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft- 
ware errors and needs assistance quickly from 
SGS-—THOMSON factory representatives. 


EFDOS is SGS-THOMSON Disk Operating Sys- 
tem available on development systems such as DE- 
VICE... 


MDOS* is MOTOROLA’s Disk Operating System 
available on development systems such as EXOR- 
ciser... 


* Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local S@€S—THOMSON representative 
or SGS-—THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to 
your local S@S~THOMSON Microelectronics representative. 
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ORDER CODES 
EF6805U2 


Screen level 
Device 


Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 


reste lelen[e[v [teal > [ee | ee 
Ti Tel [eleleleijele, | 
EF6B05U2 ea i eC ( 
ee eee ee 


Examples : EF6805U2P, EF6805U2FN, EF6805U2PV, EF6805U2FNV 


Package : C : Ceramic DIL, J : Cerdip DIL, P : Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp. : L* : 0°C to + 70°C, V:— 40°C to + 85°C, T : — 40°C to + 105°C, * : may be omitted 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B 


EXORciser is a registered trademark of MOTOROLA Inc. 
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EF6805 FAMILY - MCU CUSTOMER ORDERING SHEET 


Commercial reference | | | | | | | Customer name 


Company 
Address 


Customer’s marking , | | | | | | | | | | Phone 


Specification reference ; 
Application : LJ SGS-THOMSON Microelectronics reference 


ROM capacity required : Number of interrupt vector : oath al 


Quality level : 


Temperature range : STD 


L} 0°C/+70°C 5 7 


[J -40°C/+85°C : ee 
BY. cule eas Gere LJ Other* (customer's quality specification ref.) : 


Package Software developped by : 

C) Plastic LJ SGS-THOMSON Microelectronics application lab. 
LJ PLCC Ly External lab. 

LJ Customer 


PATTERN MEDIA (a listing may be supplied in addition OPTION LIST 


for checking purpose) : ee 
EPROM Reference : -Oscillator input - Low voltage inhibit 


[J EFDOS/MDOS* disk file 5 ae = Enabled 
LJ 8" floppy Disabled 


; TTL 
L} 5" 1/4 floppy - Port A output drive : - Port C output drive : 
eae LJ CMOS and TTL CL) TTL 


- Timer clock source 

LJ = Internal 02 clock 
Timer input pin 

- Timer prescaler 


Lj) 4 Lj 
LI 8 


* Requires prior factory approval 


Yearly quantity forecast : Start of production date : 
for a shipment period of : 


CUSTOMER CONTACT NAME SIGNATURE : 
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8-BIT MICROCOMPUTER UNIT 


ADVANCE DATA 
HARDWARE FEATURES 


a 32 TTL/CMOS COMPATIBLE I/O LINES 
. 24 BIDIRECTIONAL (8 lines are LED com- 


patible) 

_ 8 INPUT-ONLY 
» 3776 BYTES OF USER ROM 
=» 112 BYTES OF RAM 
=» SELF-CHECK MODE (Plastic Package) 
s ZERO-CROSSING DETECT/INTERRUPT 
» INTERNAL 8-BIT TIMER WITH 7-BIT SOFT- 

WARE PROGRAMMABLE PRESCALER AND 

CLOCK SOURCE 
=» 5V SINGLE SUPPLY FN 

(PLCC 44) 


SOFTWARE FEATURES 


» 10 POWERFUL ADDRESSING MODES 

« BYTE EFFICIENT INSTRUCTION SET WITH PIN CONNECTIONS 
TRUE BIT MANIPULATION, BIT TEST, AND 
BRANCH INSTRUCTIONS 

» SINGLE INSTRUCTION MEMORY 
EXAMINE/CHANGE 

» POWERFUL INDEXED ADDRESSING FOR 
TABLES 

» FULL SET OF CONDITIONAL BRANCHES 

s MEMORY USABLE AS REGISTER/FLAGS 

» COMPLETE DEVELOPMENT SYSTEM SUP- 
PORT ON INICE® 


USER SELECTABLE OPTIONS 


a» 8 BIDIRECTIONAL I/O LINES WITH TTL OR 
TTL/CMOS INTERFACE OPTION 

a» 8 BIDIRECTIONAL I/O LINES WITH TTL OR 
OPEN-DRAIN INTERFACE OPTION 

a» CRYSTAL OR LOW-COST RESISTOR OSCIL- 
LATOR OPTION 

a LOW VOLTAGE INHIBIT OPTION 

» VECTORED INTERRUPTS : TIMER, SOFT- 
WARE, AND EXTERNAL 

» USER CALLABLE SELF-CHECK SUBROU- 
TINES 


EF6805U3 


DESCRIPTION 


The EF6805U3 Microcomputer Unit (MCU) is a 
member of the 6805 Family of low-cost single-chip 
Microcomputers. The 8-bit microcomputer contains 


INICE® 1s SGS-THOMSON development/emulation tool 
May 1989 1/34 


This is advance information on a new product now in development or undergoing evaluation Details are subject to change without notice 
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a CPU, on-chip CLOCK, ROM, RAM, I/O, and 6805 Family of Microcomputers is shown at the end 
TIMER. It is designed for the user who needs an of this data sheet. The following are some of the 
economical microcomputer with the proven capa- hardware and software highlights of the EF6805U3 
bilities of the 6800-based instruction set. A compari- MCU. 

son of the key features of several members of the 


Figure 1 : EF6805U3 HMOS Microcomputer Block Diagram. 


T XTAL EXTAL RESET INT 
Prescaler cC imer/ 
7 8 ounter 


B : CPU 
Index Control 
a 
8 x PDI 
Condition PD2 Port 


Code PD3 
5 Register PD4 


D 
Input 
PD5 Lines 
PD6/INT2 
Pointer p PD7 


Program 
Counter 
High PCH ALU 
Program 
Counter 
Low PCL 


3776 x 8 112 x8 
User ROM RAM 
192 x8 
Self-Check ROM 


ABSOLUTE MAXIMUM RATINGS 


— 0.3 to + 7.0 


Input Voltage (except TIMER in self-check mode and — 0.3 to + 7.0 
open-drain inputs) 
Input Voltage (open-drain pins, TIMER pin in self-check mode) — 0.3 to + 15.0 ae eal 


Operating Temperature Range 0 to + 70 
(TL to Ty) V Suffix — 40 to + 85 
T Suffix — 40 to + 105 


Storage Temperature Range — 55 to + 150 |. eee | 


Junction Temperature 
Plastic Package 150 
PLCC 150 


This device contains circuitry to protect the inputs against damage due to high static voltages or electrical fields, however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper operation it 
is recommended that Vin and Vout be constrained to the range Vss < (Vin or Vou) < Voc. Reliability of operation is enhanced if unused inputs except 
EXTAL are tied to an appropriate logic voltage level (e g , either Vss or Vcc). 


V 
V 
V 
°C 
°C 
°C 


THERMAL DATA 


Oya Thermal Resistance Plastic 50 °C/W 
PLCC 80 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C 
can be obtained from : 

Ty = TA+(PD* 9A) (1) 
Where : 

Ta= Ambient Temperature, °C 

8 ya = Package Thermal Resistance, Junction-to- 
Ambient, “C/W 

Pp = Pint + Prort 

Pint = Icc X Vcc, Watts - Chip Internal Power 
Pport = Port Power Dissipation, Watts - User Deter- 
mined 


For most applications Pport << Pint and can be ne- 
glected. Pport may become significant if the device 


ELECTRICAL CHARACTERISTICS 


EF6805U3 


is configured to drive Darlington bases or sink LED 
loads. 


An approximate relationship between Pp and Ty (if 
Pport is neglected) is : 


Pp =K + (Ty + 273°C) (2) 
Solving equations 1 and 2 for K gives 
K = Pp: (Ta + 273°C) + Qua* Po (3) 


Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Pp (at equilibrium) for a known Ta. Using 
this value of K the values of Pp and Ty can be ob- 
tained by solving equations (1) and (2) iteratively for 
any value of Ta. 


(Voc = + 5.25Vdc + 0.5Vdc, Vssg = OVdC, Ta = T, to Ty unless otherwise noted) 


Input High Voltage 
RESET (4.75 < Vcc s 5.75) 


(Vcc < 4.75) 
INT (4.75 < Vcc < 5.75) 
(Vcc < 4.75) 
All Other (except timer) 


Input High Voltage Timer 
Timer Mode 
Self-check Mode 


Input Low Voltage 
RESET 
INT 
All Other 


RESET Hystereris Voltages (see figures 10, 11 and 12) 


"Out of Reset" 
"Into Reset" 


VINT INT Zero Crossing Input Voltage, Through a Vac p-p 
Capacitor 


Power Dissipation - 


EXTAL 
All Other 


Low Voltage Recover 
Low Voltage Inhibit 


Input Current 
TIMER (Vin = 0.4V) 
INT (Vin = 2.4V to Voc) 
(Vin =0.4V - crystal option) 
RESET (Vin = 0.8V) - External Capacitor Charging 
Current 


i Input Capacitance 


EXTAL (Vin =2.4V to Vcc - crystal option) 


(no port loading, Vcc = 5.75V) 
Ta =0°C 
Ta =- 40°C 


* Due to internal biasing this input (when unused) floats to approximately 2.2V. 
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SWITCHING CHARACTERISTICS 
(Voc = + 5.25Vde + 0.5Vdce, Vsg = OVdec, Ta = T, to Ty unless otherwise noted) 


Symbol | Parameter | Min. 
Oscillator Frequency 


tw, twH | INT, INT2, and TIMER Pulse Width (see interrupt teye + 250 
section) 


INT Zero-crossing Detection Input Frequency 0.03 
External Clock Input Duty Cycle (EXTAL) | 40 | 50 | 60 | 


Crystal Oscillator Start-up Time* 


* See figure 16 for typical crystal parameters 


PORT ELECTRICAL CHARACTERISTICS 
(Voc = + 5.25Vde + 0.5Vdc, Vsg = OVdc, Ta = T, to Ty, unless otherwise noted) 


PORT A WITH CMOS DRIVE ENABLED 


‘symbol [—~S~S~*~*~ arate SSSC*dCn 
[Vou | Output Low Volage (hess = tama) ——SCSC~iSSSCiSd 


VOH Output High Voltage V 
2.4 
Voc — 1.0 


lLoad =—- 100A 

ILoad =— 10HA 
ge eae ener Peper pe Se ee 
i ) 


High Z State Input Current (V,\, = 2.0V to Voc P= 300 | 
High Z State Input Current (Vin = 0.4V) 


PORT B 


Output Low Voltage 
lLoad = 3.2mA 
ILoad = 10MA (sink) 


Finput High votage—SSCS*~dtCi Pde 
input ow Votage SSS Vn | tw 


PORT C AND PORT A WITH CMOS DRIVE DISABLED 


[Symbot [SS arameterSS*YCins | ya Ut 
Vou | Output Low Vorage ies =t6mA——SSCSC=~C~idSSC“‘“‘sRS*~*dC 
Von | Output high Votage lions == 10008 ——~S~S*dSCaa 

[Vw [input High Votage ——SSSSCSC~S~iS Pd 
ie 


ee er ee 
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PORT C (open-drain option) 


VSymbor [SSS arameter —SSSC*idSCns Sve 
Vw [input igh Voage——SSCSC=~“~*~“~*~*~*“~‘~SCPCdSC tO 
[vu | input Low Votage——SSCSC~“~*~“~*~*~sdCSe Pid 
Twos | input Leskage cure ——SSCS—~—SsS—~iYSSC‘“‘“U dt 
[Vou | Output Low Votage etna ——SS—C=~iSCt‘“‘iRSSC*~‘“(g;!(w 


PORT D 


Csymbor [SS avameter ——SSSSCSC*idC |e | 
[vw [inputrignvonage——SSCSC~=~*~“~*~*~iS2 Te 
[Wu [input Low Votage—SOSCSC—~—~S~“‘~*~*~*~sSMnw | Ci 
0 


Figure 2 : TTL Equivalent Test Load (port B). Figure 3 : CMOS Equivalent Test Load (port A). 


40 pF 1N4148 
(Total) or Equiv. 


1N916 Test Point 
or Equiv. 9 1.45 ko | 
T 30 pF (Total) 


Figure 4: TTL Equivalent Test Load Figure 5 : Open-drain Equivalent Test Load 
(port A and C). (port C). 


Vcc=95.75 V 


1N916 334 k2 


or Equiv. “S 591 ko 


30 pF 1N4148 
(Total) or Equiv, ah 30 pF (Total) 
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SIGNAL DESCRIPTION 


The input and output signals for the MCU, shown in 
figure 1, are described in the following paragraphs. 


Vcc AND Vsgs - Power is supplied to the MCU using 
these two pins. Vcc is power and Vss is the ground 
connection. 


INT - This pin provides the capability for asynchron- 
ously applying an external interrupt to the MCU. 
Refer to Interrupts Section for additional informa- 
tion. 


XTAL AND EXTAL - These pins provide control 
input for the on-chip clock oscillator circuit. A crys- 
tal, a resistor, or an external signal, depending on 
user selectable manufacturing mask option, can be 
connected to these pins to provide a system clock 
with various degrees of stability/cost tradeoffs. Lead 
length and stray capacitance on these two pins 
should be minimized. Refer to Internal Clock Gener- 
ator Options Section for recommendations about 
these inputs. 


NOTE : Pin 7 in DIL package/pin 8 in PLCC pack- 
age is connected to internal protection. 


TIMER - The pin allows an external input to be used 
to control the internal timer circuitry and also to in- 
itiate the self test program. Refer to Timer Section 
for additional information about the timer circuitry. 


RESET - This pin allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. The MCU can be reset by pull- 
ing RESET low. Refer to Resets Section for addi- 
tional information. 


INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO- 
PC7, PDO-PD7) - These 32 lines are arranged into 
four 8-bit ports (A, B, C, and D). Ports A, B, and C 
are programmable as either inputs or outputs under 


software control of the data direction registers 
(DDRs). Port D is for digital input only and bit 6 may 
be used for a second interrupt INT2. Refer to 
Input/Output Section and Interrupts Section for ad- 
ditional information. 


MEMORY - The MCU is capable of addressing 4096 
bytes of memory and |/O registers with its program 
counter. The EF6805U3 MCU has implemented 
4090 of these bytes. This consists of : 3776 user 
ROM bytes, 192 self-check ROM bytes, 112 user 
RAM bytes, 7 port I/O bytes, 2 timer registers, and 
a miscellaneous register ; see figure 6 for the Ad- 
dress map. The user ROM has been split into two 
areas. The main user ROM area is from $080 to 
$F37. The last 8 user ROM locations at the bottom 
of memory are for the interrupt vectors. 


The MCU reserves the first-16 memory locations for 
I/O features, of which 10 have been implemented. 
These locations are used for the ports, the port 
DDRs, the timer and the INT2 miscellaneous regis- 
ter, and the 112 RAM bytes, 31 bytes are shared 
with the stack area. The stack must be used with 
care when data shares the stack area. 


The shared stack area is used during the process- 
ing of an interrupt or subroutine calls to save the 
contents of the CPU state. The register contents are 
pushed onto the stack in the order shown in 
figure 7. Since the stack pointer decrements during 
pushes, the low order byte (PCL) of the program 
counter is stacked first, then the high order four bits 
(PCH) are stacked. This ensures that the program 
counter is loaded correctly during pulls from the 
stack since the stack pointer increments when it 
pulls data from the stack. A subroutine call results 
in only the program counter (PCL, PCH) contents 
being pushed onto the stack ; the remaining CPU 
registers are not pushed. 
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Figure 6 : EF6805U3 MCU Address Map. 
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Self Check Not used 
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Timer Interrupt 


RAM 
(112 Bytes) 
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(31 Bytes Maximum) 


Interrupt 
Vecturs 


*Caution Data direction registers (DDRs) are 
write-only, they read as $FF 


Figure 7 : Interrupt Stacking Order. 
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CENTRAL PROCESSING UNIT 


The CPU of the EF6805 Family is implemented in- 
dependently from the I/O or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with I/O and 
memory via internal address, data, and control 
buses. 


REGISTERS 


The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 8 and 
are explained in the following paragraphs. 


Figure 8 : Programming Model. 


PROGRAM COUNTER (PC) - The Program 
Counter is a 12 bit register that contains the address 
of the next instruction to be executed. 


STACK POINTER (SP) - The stack pointer is a 
12-bit register that contains the address of the next 
free location on the stack. During an MCU reset or 
the reset stack pointer (RSP) instruction, the stack 
pointer is set to location $07F. The stack pointer is 
then decremented as data is pushed onto the stack 
and incremented as data is then pulled from the 
stack. The seven most significant bits of the stack 
pointer are permanently set to 0000011. Subrou- 
tines and interrupts may be nested down to location 
$061 (31 bytes maximum) which allows the pro- 
grammer to use up to 15 levels of subroutine calls 
(less if interrupts are allowed). 


CONDITION CODE REGISTER (CC) - The condi- 
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 


ACCUMULATOR (A) - The accumulator is a general 
purpose 8-bit register used to hold operands and re- 
sults of arithmetic calculations or data manipula- 
tions. 


INDEX REGISTER (X) - The index register is an 
8-bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula- 
tions using the read-modify-write instructions. The 
Index Register may also be used as a temporary 
storage area. 


Interrupt Mask 


Haif Carry 


state. Each bit is explained in the following para- 
graphs. 


Half Carry (H) - Setduring ADD and ADC operations 
to indicate that a carry occurred between bits 3 and 
4. 


Interrupt (I) - When this bit is set, the timer and ex- 
ternal interrupts (INT and INT2) are masked (dis- 
abled). If an interrupt occurs while this bit is set, the 
interrupt is latched and is processed as soon as the 
interrupt bit is cleared. 


Negative (N) - When set, this bit indicates that the 
result of the last arithmetic, logical, or data manipu- 
lation was negative (bit 7 in the result is alogical"1"). 


Zero (Z) - When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation 
was zero. 


Carry/Borrow (C) - When set, this bit indicates that 
a carry or borrow out of the Arithmetic Logic Unit 
(ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch 
instructions plus shifts and rotates. 
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TIMER 


The timer circuitry for the EF6805U3 is shown in 
figure 10. The timer contains a single 8-bit software 
programmable counter with a 7-bit software select- 
able prescaler. The counter may be preset under 
program control and decrements toward zero. 
When the counter decrements to zero, the timer in- 
terrupt request bit, i.e., bit 7 of the timer control reg- 
ister (TCR), is set. Then if the timer interrupt is not 
masked, i.e., bit 6 of the TCR and the | bit in the con- 
dition code register are both cleared, the processor 
receives an interrupt. After completion of the current 
instruction, the processor proceeds to store the ap- 
propriate registers on the stack, and then fetches 
the timer interrupt vector from locations $FF8 and 
$FF9 in order to begin servicing the interrupt. 


The counter continues to count after it reaches zero, 
allowing the software to determine the number of in- 
ternal or external input clocks since the timer inter- 
rupt request bit was set. The counter may be read 
at any time by the processor without disturbing the 
count. The contents of the counter become stable 
prior to the read portion of a cycle and do not change 
during the read. The timer interrupt request bit re- 
mains set until cleared by the software. If a write oc- 
curs before the timer interrupt is serviced, the 
interrupt is lost. TCR7 may also be used as a 
scanned status bit in a non- ie mode of oper- 
ation (TCR6 = 1). 


The prescaler is a 7-bit divider which is used to ex- 
tend the maximum length of the timer. Bit 0, bit 1, 
and bit 2 of the TCR are programmed to choose the 
appropriate prescaler output which is used as the 
counter input. The processor cannot write into or 
read from the prescaler ; however, its contents are 
cleared to all zeros by the write operation into TCR 
when bit 3 of the written data equals one, which 
allows for truncation-free counting. 


The timer input can be configured for three different 
operating modes, plus a disable mode, depending 
on the value written to the TCR4 and TCR85 control 
bits. For further information see figure 9. 


Timer Input Mode 1 - If TCR5 and TCR4 are both 
programmed to a zero, the input to the timer is from 
an internal clock and the external TIMER input is 
disabled. The internal clock mode can be used for 
periodic interrupt generation, as well as a reference 
in frequency and event measurement. The internal 
clock is the instruction cycle clock. 


Timer Input Mode 2 - With TCR5 = 0 and TCR4 
= 1, the internal clock and the TIMER input pin are 
ANDed to form the timer input signal. This mode can 
be used to measure external pulse widths. The ex- 


EF6805U3 


ternal timer input pulse simply turns on the internal 
clock for the duration of the pulse widths. 


Timer Input Mode 3 - If TCR5 = 1 and TCR4 = 0, 
then all inputs to the timer are disabled. 


Timer Input Mode 4 - If TCR5 = 1 and TCR4 = 1, the 
internal clock input to the timer is disabled and the 
TIMER input pin becomes the input to the timer. The 
external TIMER pin can, in this mode, be used to 
count external events as well as external frequen- 
ss for generating periodic ss 

6 5 4 3 2 


* Wnte only (read as zero). 


TCR7 - Timer Interrupt Request Bit : 
1 - Set when TDR goes to zero, or under pro- 
gram control 
O - Cleared on external Reset, Power-On- 
Reset, or under Program Control. 


TCR6 - Timer Interrupt Mask Bit : 
1 - Timer Interrupt masked (disabled) Set on 
external Reset, Power-On-Reset, or under 
Program Control 
0 - Cleared under Program Control. 


TCR®5 - External or Internal Clock Source Bit : 
1 - External Clock Source. Set on external 
Reset, Power-On-Reset, or under Program 
Control 
0 - Cleared under Program Control. 


TCR4 - External Enable Bit : 
1 - Enable external TIMER pin. Set on external 
Reset, Power-On-Reset, or under Program 
Control. 
0 - Cleared under Program Control. 


Tors|TcR4| Result, 


Internal Clock to Timer 
AND of Internal Clock and TIMER 
Pin to Timer 

Input to timer disabled. 

TIMER Pin to Timer 


TCR@ - Timer prescaler reset bit : A read of TORS 
always indicates a zero. 
1 - Set on external Reset, Power-On-Reset or 
under Program Control. 
0 - Cleared under Program Control. 
TCR2, TCR1, and TCRO - Prescaler address 
bits : 
1 - All set on external Reset, Power-On-Reset 
or under Program Control. 
O - Cleared under Program Control. 
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Figure 9 : Timer Control Register (TCR). 


ToR@ [Toni [foRo [Resut| frone [ront [foro [Resut 


0 0 0 + 1 
0 0 1 +2 
0 1 0 +4 
0 1 1 + 8 


Figure 10: Timer Block Diagram. 
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Software Functions 


Prescaler Control 
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Notes: 1. Prescaler and 8-bit counter are clocked on the failing edge of the internal clock (AS) or external input. 
2 Counter ts written to during data strobe (DS) and counts down continuously. 


SELF-CHECK - The self-check capability of the 
EF6805U3 MCU provides an internal check to 
determine if the part is functional. Connect the MCU 
as shown in figure 11 and monitor the output of Port 
C bit 3 for an oscillation of approximately 7Hz. A 10- 
volt level (through a 10k resistor) on the timer input, 
pin 8 and pressing then releasing the RESET but- 
ton, energizes the ROM-based self-check feature. 
The self-check program exercices the RAM, ROM, 
TIMER, interrupts, and I/O ports. 


Several of the self-check subroutines can be called 
by a user program with a JSR or BSR instruction. 
They are the RAM, ROM. The timer routine may also 
be called if the timer input is the internal o2 clock. 


To call those subroutines in customer application, 
please contact your local SGS-THOMSON sales of- 
fice in order to obtain the complete description of the 
self-check program and the entrance/exit condi- 
tions. 


RAM SELF-CHECK SUBROUTINE - The RAM self- 
check is called at location $F84 and returns with the 
Z bit clear if any error is detected ; otherwise the Z 
bit is set. The RAM test causes each byte to count 
from 0 up to 0 again with a check after each count. 


The RAM test must be called with the stack pointer 
at $07F and A=0. When run, the test checks every 
RAM cell except for $07F and $07E which are as- 
sumed to contain the return address. 


The A and X registers and all RAM locations except 
$07F and $07E are modified. 


ROM CHECKSUM SUBROUTINE - The ROM self- 
check is called at location $F95. The A register 
should be cleared before calling the routine. If any 
error is detected, it returns with the Z bit cleared ; 
otherwise Z = 1, X = 0 on return, and A is zero if the 
test passes. RAM location $040 to $043 is overwrit- 
ten. The checksum is the complement of the execu- 
tion OR of the contents of the user ROM. 
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Figure 11 : Self-check Connections. 
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* This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected 


LED MEANINGS 


Bad I/O 
Bad Timer 


Bad RAM 
Bad ROM 


Bad Interrupts or Request Flag 


All Flashing Good Device 


Anything else bad device. Bad Port C, etc 
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TIMER SELF-CHECK SUBROUTINE - The timer 
self-check is called at location $F6D and returns with 
the Z bit cleared if any error was found ; otherwise 
Z=1. 


In order to work correctly as a user subroutine, the 
internal 62 clock must be the clocking source and 
interrupts must be disabled. Also, on exit, the clock 
is running and the interrupt mask is not set so the 
caller must protect from interrupts if necessary. 


The A and X register contents are lost. This routine 
sets the prescaler for divide-by-128 and the timer 
data register is cleared. The X register is configured 
to count down the same as the timer data register. 
The two registers are then compared every 128 
cycles until they both count down to Zero. Any mis- 
match during the count down is considered as an 
error. The A and X registers are cleared on exit from 
the routine. 


Figure 12 : Typical Reset Schmitt Trigger Hysteresis. 


RESET 


The MCU can be reset three ways : by initial power- 
up, by the external reset input (RESET) and by an 
optional internal low-voltage detect circuit. The 
RESET input consists mainly of a Schmitt trigger 
which senses the RESET line logic level. A typical 
reset Schmitt trigger hysteresis curve is shown in 
figure 12. The Schmitt trigger provides an internal 
reset voltage if it senses alogical zeroonthe RESET 
pin. 

POWER-ON RESET (POR) - An internal reset is 
generated upon powerup that allows the internal 
clock generator to stabilize. A delay of taut millisec- 
onds is required before allowing the RESET input to 
go high. Refer to the power and reset timing diag- 
ram_of figure 13. Connecting a capacitor to the 
RESET input (as illustrated in figure 14) typically 
provides sufficient delay. During powerup, the 
Schmitt trigger switches on (removes reset) when 
RESET rises to Vires+. 


Figure 13 : Power and Reset Timing. 


Internal 
Reset 
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Figure 14 : RESET Configuration. 


* Disable LV] 


EXTERNAL RESET INPUT - The MCU will be reset 
if a logical zero is applied to the RESET input for a 
period longer than one machine cycle (tcyc). Under 
this type of reset, the Schmitt trigger switches off at 
Vires- to provide an internal reset voltage. 


LOW-VOLTAGE INHIBIT (LVI) - The optional low- 
voltage detection circuit causes a reset of the MCU 
if the power supply voltage falls below a certain level 
(Vivi). The only requirement is that Vcc remains at 
or below the Vivi threshold for one tcye minimum. In 
typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less 
than one tcyc. The output from the low-voltage de- 
tector is connected directly to the internal reset cir- 
cuitry. It also forces the RESET pin low via a strong 
discharge device through a resistor. The internal 
reset will be removed once the power supply volt- 
age rises above a recovery level (VLvr), at which 
time a normal power-on-reset occurs. 


INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to 
require a minimum of external components. A crys- 
tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari- 
ous stability/cost tradeoffs. The oscillator frequency 
is internally divided by four to produce the internal 
system clocks. A manufacturing mask option is used 
to select crystal or resistor operation. 


0>1->LVI 


1>0—>LVR 


Internal 


Dp 


Schmitt 
Trigger 


The different connection methods are shown in 
figure 15. Crystal specifications and suggested PC 
board layouts are given in figure 16. A resistor se- 
lection graph is given in figure 17. 


The crystal oscillator start-up time is a function of 
many variables : crystal parameters (especially Rs), 
oscillator load capacitances, IC parameters, am- 
bient temperature, and supply voltage. To ensure 
rapid oscillator start up, neither the crystal charac- 
teristics nor the load capacitances should exceed 
recommendations. 


When utilizing the on-board oscillator, the MCU 
should remain in a reset condition (reset pin voltage 
below Vires.) until the oscillator has stabilized at its 
operating frequency. Several factors are involved in 
calculating the external reset capacitor required to 
satisfy this condition : the oscillator start-up voltage, 
the oscillator stabilization time, the minimum Vires., 
and the reset charging current specification. 


Once Vcc minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent 
on the capacitor value. The charging current is sup- 
plied from Vcc through a large resistor, so it appears 
almost like a constant current source until the reset 
voltage rises above Vires+. Therefore, the RESET 
pin will charge at approximately : 


(Vires+) * Cext = IRES + tRHt 


Assuming the external capacitor is initially dis- 
charged. 
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Figure 15 : Clock Generator Options. 
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EXTAL MCU 
(Crystal Mask 
Option) 


Crystal 


EF6805U3 
EXTAL MCU 


(Resistor Mask 
Option) 


Approximately 25% to 50% Accuracy 


Typical tcyc= 1 25 ps 
External Jumper 


R 


External — EF6805U3 (See Figure 17) 5 EXTAL 


Clock 9_] EXTAL MCU MCU 
Input (Crystal Mask No (Resistor Mask 
Option) Connection Option) 
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External Clock Approximately 10% to 25% Accuracy 


External Resistor 
(Excludes Resistor Tolerance) 


Note: The recommended Cz value with a 4.0MHz crystal is 27pF, maximum, including system distributed capacitance. There Is an internal ca- 
pacitance of approximately 25pF on the XTAL pin For crystal frequencies other than 4MHz, the total capacitance on each pin should be 
scaled as the inverse of the frquency ratio. For example, with a 2MHz crystal, use approximately SOpF on EXTAL and approximately 
25pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used. 


Figure 16 : Crystal Motional Arm Parameters and Suggested PC Board Layout. 


AT — Cut Parallel Resonance Crystal 
Cgo=7 pF Max 

Freq =40 MHz @ C; =24 pF 

Rs =50 ohms Max 


Piezoelectric ceramic resonaturs 
which have the equivalent speci- 
fications may be used instead of 
crystal oscillators Follow cera- 
mic resonator manufacturer's 
suggestions for Cy, Cy, and Ry 
values. 


EXTAL (5) 


EXTAL (5) XTAL (6) 
XTAL (6) (C1 


NOTE Keep crystal leads and circuit connections as short as possible 
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Figure 17 : Typical Frequency Selection for Resistor (oscillator option). 
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INTERRUPTS 


The microcomputers can be interrupted four differ- 
ent ways : through the external interrupt (INT) input 
pin, the internal timer interrupt request, the external 
port D bit 6 (INT2) input pin, or the software inter- 
rupt instruction (SWI). When any interrupt occurs : 
the current instruction (including SWI) is completed, 
processing is suspended, the present CPU state is 
pushed onto the stack, the interrupt bit (I) in the con- 
dition code register is set, the address of the inter- 
rupt routine is obtained from the appropriate 
interrupt vector address, and the interrupt routine is 
executed. Stacking the CPU register, setting the | 
bit, and vector fetching require a total of 11 toyc peri- 
ods for completion. A flowchart of the interrupt se- 
quence is shown in figure 18. The interrupt service 
routine must end with a return from interrupt (RTI) 


instruction which allows the MCU to resume pro- 
cessing of the program prior to the interrupt (by un- 
stacking the previous CPU state). Unlike RESET, 
hardware interrupts do not cause the current ins- 
truction execution to be halted, but are considered 
pending until the current instruction execution is 
complete. 


When the current instruction is complete, the pro- 
cessor checks all pending hardware interrupts and 
if unmasked, proceeds with interrupt processing ; 
otherwise the next instruction is fetched and ex- 
ecuted. Note that masked interrupts are latched for 
later interrupt service. 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex- 
ecuted as any other instruction. 
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Figure 18 : RESET and Interrupt Processing Flowchard. 
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Instruction 
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NOTE 


The timer and INT2 interrupts share the same vec- 
tor address. The interrupt routine must determine 
the source by examining the interrupt request bits 
(TCR b7 and MRb7). Both TCR b7 and MR b7 can 
only be written to zero by software. 


The external interrupt, INT and INT2, are syn- 
chronized and then latched on the falling edge of the 
input signal. The INT2 interrupt has an interrupt re- 
quest bit (bit 7) and a mask bit (bit 6) located in the 
miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is al- 
ways read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to 
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Execute All 


Luad PC From: 

SWI: FFC/FFD' 

INT: FFA/FFB 
Timer or 


INT2: FF8/FF9 


process an interrupt when the condition code | bit is 
clear. 


A sinusoidal input signal (finr maximum) can be 
used to generate an external interrupt for use as a 
zero-crossing detector. This allows applications 
such as servicing time-of-day routines and engag- 
ing/disengaging ac power control devices. Off-chip 
full wave rectification provides an interrupt at every 
zero crossing of the ac signal and thereby provides 
a 2f clock. See figure 19. 


NOTE 


The INT (pin 3) is internally biased at approximate- 
ly 2.2V due to the internal zero-crossing detection. 
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A software interrupt (SWI) is an executable instruc- used as break-points for debugging or as system 
tion which is executed regardless of the state of the calls. 
| bit in the condition code register. SWls are usually 


Figure 19 : Typical Interrupt Circuits. 


A/D CONTROL REGISTER {ACR) 

7 6 5 4 3 2 1 0 
ee 
Bit 7—Converston Complete Status Flag’ Set when 

conversion ts complete; cheared only on a write 


to ACR. 
Readable, not writable 


Bits 2, 1,0 — A/D input Mux Selection (See Table 2) 
Bits 6, 5, 4, 3 read as “’ 1s’ — unused bits. 
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INPUT/OUTPUT CIRCUITRY 


There are 32 input/output pins. The INT pin may be 
polled with branch instructions to provide an addi- 
tional input pin. All pins on ports A, B, and C are pro- 
grammable as either inputs or outputs under 
software control of the corresponding data direction 
register (DDR). See below I/O port control registers 
configuration. The port I/O programming is accom- 
plished by writing the corresponding bit in the port 
DDR to a logic one for output or a logic zero for input. 
On reset all the DDRs are initialized to a logic zero 
state, placing the ports in the input mode. The port 
output registers are not initialized on reset and 
should be initialized by software before changing the 
DDRs from input to output. A read operation on a 
port programmed as an output will read the contents 
of the output latch regardless of the logic levels at 
the output pin, due to output loading. Refer to figure 
20. 


fy Max.) IN EF6805U3 


(b) DigitatSignal interrupt 
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PORT DATA REGISTER 


Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 
Port D Addr = $003 


PORT DATA DIRECTION REGISTER (DDR) 
7 0 


(1) Write only , reads as all "1s" 
(2) 1 = Output. 0 = Input Cleared to 0 by Reset 
(3) Port A Addr = $004 

Port B Addr = $005 

Port C Addr = $006 
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Figure 20 : Typical Port I/O Circuitry. 
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All input/output lines are TTL compatible as both in- 
puts and outputs. Port A lines are CMOS compatible 
as outputs (mask option) while port B, C, and D lines 
are CMOS compatible as inputs. Port D lines are 
input only ; thus, there is no corresponding DDR. 
When programmed as outputs, port B is capable of 
sinking 10 milliamperes and sourcing 1 milliampere 
on each pin. 


The address map (figure 6) gives the addresses 
of data registers and data direction registers. 
Figure 21 provides some examples of port con- 
nections. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
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* DDR 1s a write-only register and reads as all "1s". 

** Ports B, and C are three-state ports 

Port A has optional internal pullup devices to provide CMOS data dnve 
capability. See Electrical Characteristics tables for complete informa- 
tion 


A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port be written 
using a single-store instruction. 


The latched output data bit (see figure 20) must al- 
ways be written. Therefore, any write to a port writes 
all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg- 
ister and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions, since the data read corresponds to the 
pin level if the DDR is an input (zero) and corres- 
ponds to the latched output data when the DDR is 
an output (one). 
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Figure 21 : Typical Port Connections. 


(a) Output Modes 


(CMOS Loads) 


Ww 
NO 


Peeper 


pe HrE*!p 


2N6386 (Typ:cal! 


S 


(1 TTL Load) 


BR 


Port A, bit 7 and bit 4 programmed as output. 
Bit 7 driving CMOS foads and bit 4 driving 
one TTL load directly using CMOS output op- 
hon, Port B, bit 5 programmed as output, driving Darling 
ton base directly 


CMOS Inverter 
MC 14049/ 14069 
‘ Ty picalt 


@—10mA 


Port B, bit 0 and bit 1 programmed as output, driving Port C, bits 0-3 programmed as output, driving CMOS 
LEDs dwectly loads, using external pullup resistors {required if Port 
C 6 open-drain) 


— 
| =|=4= |= B le = 


(b) Input Modes 


SN74LS04 or MC14069 
(Typical) 


i) 
~ 


ell ols lolol 


SN74LS04 (Typical) 


\ / 


TTL driving Port A directly 


\/ 


SN 74LS04 or MC14069 
(typical) 


PDS 


PD6/INT2 


c/ 


SN74LS04 
(Typical!) 


CMOS and TTL driving Port C directly CMOS or TTL ariving Port D directly 
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BIT MANIPULATION 


The EF6805U3 has the ability to set or clear any 
single RAM or I/O bit (except the data direction reg- 
isters) with a single instruction (BSET, BCLR) (see 
Caution below). Any bit in page zero can be tested 
using the BRSET and BRCLR instructions and the 
program branches as a result of its state. The carry 
bit equals the value of the bit references by BRSET 
or BRCLR. The capability to working with any bit in 
RAM, ROM, or I/O allows the user to have individ- 
ual flags in RAM or to handle single I/O bits as con- 
trol lines. 


CAUTION 


The corresponding data direction registers for ports 
A, B, and C are write-only registers (locations $004, 
$005, and $006). A read operation on these regis- 


Figure 22 : Bit Manipulation Example. 


ters is undefined. Since BSET and BCLR are read- 
modify-write functions, they cannot be used to set a 
data direction register bit (all "unaffected" bits would 
be set). Itis recommended that all data direction reg- 
ister bits in a port be written using a single-store ins- 
truction. 


The coding examples shown in figure 22 illustrate 
the usefulness of the bit manipulation and test ins- 
truction. Assume that the microcomputer is to com- 
municate with an external serial device. The 
external device has a data ready signal, a data out- 
put line, and a clock line to clock data one bit at a 
time, least significant bit first out of the device. The 
microcomputer waits until the data is ready, clocks 
the external device, picks up the data in the carry 
flag, clears the clock line, and finally accumulates 
the data bit in a random-access memory location. 


BRSET, 
BSET 
BRCLR 


2, PORTA, * WAIT FOR READY 

1, PORTA CLOCK NEXT BIT IN 

0, PORTA, NEXT PICKUP BIT IN C-BIT 

1, PORTA RETURN CLOCK LINE HIGH 
RAMLOC MOVE C-BIT INTO RAM 


NEXT BCLR 


Senal 
Device 


ADDRESSING MODES 


The EF6805U3 MCU has ten addressing modes 
available for use by the programmer. They are ex- 
plained briefly in the following paragraphs. For ad- 
ditional details and graphical illustrations, refer to the 
EF6805 Family Users Manual. 


The term "effective address” (EA) is used in describ- 
ing the addressing modes. EA is defined as the ad- 
dress from which the argument for an instruction is 
fetched or stored. 


IMMEDIATE - In the immediate addressing mode, 
the operand is contained in the byte immediately fol- 
lowing the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 


DIRECT - In the direct addressing mode, the effec- 
tive address of the argument is contained in a single 
byte following the opcode byte. Direct addressing 
allows the user to directly address the lowest 256 


20/34 


bytes in memory with a single 2-byte instruction. 
This address area includes all on-chip RAM and I/O 
registers and 128 bytes of ROM. Direct addressing 
is an effective use of both memory and time. 


EXTENDED - Inthe extended addressing mode, the 
effective address of the argumentis contained in the 
two bytes following the opcode. Instructions with ex- 
tended addressing mode are capable of referencing 
arguments anywhere in memory with a single 3-byte 
instruction. When using the assembler, the user 
need not specify whether an instruction uses direct 
or extended addressing. The assembler automati- 
cally selects the shortest form of the instruction. 


RELATIVE - The relative addressing mode is only 
used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if, and only 
if, the branch condition is true. Otherwise, control 
proceeds to the next instruction. The span of relative 
addressing is from — 126 to + 129 from the opcode 
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address. The programmer need not worry about cal- 
culating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to 
see if it is within the span of the branch. 


INDEXED, NO OFFSET - In the indexed, no offset 
addressing mode, the effective address of the argu- 
ment is contained in the 8-bit index register. Thus, 
this addressing mode can access the first 256 mem- 
ory locations. These instructions are only one byte 
long. This mode is often used to move a pointer 
through a table or to hold the address of a frequent- 
ly referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET - In the indexed, 8-bit off- 
set addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg- 
ister and the unsigned byte following the opcode. 
This addressing mode is useful in selecting the kth 
element in an n element table. With this 2-byte ins- 
truction, k would typically be in X with the address 
of the beginning of the table in the instruction. As 
such, tables may begin anywhere within the first 
256 addressable locations and could extend as far 
as location 510 ($1FE is the last location at which 
the instruction may begin). 


INDEXED, 16-BIT OFFSET - In the indexed, 16-bit 
offset addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg- 
ister and the two unsigned bytes following the op- 
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset except that 
this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended, the assem- 
bler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR - In the bit set/clear addressing 
mode, the bit to be set or cleared is part of the op- 
code, and the byte following the opcode specifies 
the direct address of the byte in which the specified 
bit is to be set or cleared. Thus, any read/write bit in 
the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single 2-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all “unaffected” bits would be set). It is rec- 
ommended that all DDR bits in a port must be writ- 
ten using a single-store instruction. 


EF6805U3 


BIT TEST AND BRANCH - The bit test and branch 
addressing mode is acombination of direct address- 
ing and relative addressing. The bit which is to be 
tested and condition (set or clear) is included in the 
opcode, and the address of the byte to be tested is 
in the single byte immediately following the opcode 
byte. The signed relative 8-bit offset in the third byte 
is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3- 
byte instruction allows the program to branch based 
on the condition of any readable bit in the first 256 
locations of memory. The span of branching is from 
— 125 to + 130 from the opcode address. The state 
of the tested bit is also transferred to the carry bit of 
the condition code registers. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port must be writ- 
ten using a single-store instruction. 


INHERENT - In the inherent addressing mode, all 
the information necessary to execute the instruction 
is contained in the opcode. Operations specifying 
only the index register or accumulator, as well as 
control instructions with no other arguments, are in- 
cluded in this mode. These instructions are one byte 
long. 


INSTRUCTION SET 


The EF6805U3 MCU has a set of 59 basic instruc- 
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 


REGISTER/MEMORY INSTRUCTIONS - Most of 
these instructions use two operands. One operand 
is either the accumulator or the index register. The 
other operand is obtained from memory using one 
of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions 
have no register operand. Refer to table 1. 


READ-MODIFY-WRITE INSTRUCTIONS - These 
instructions read a memory location or a register, 
modify or test its contents, and write the modified 


21/34 
Ky, SGS-THOMSON — 
S/ i SC cRGELcTrOnice 


427 


EF6805U3 


value back to memory or to the register ; see Cau- 
tion under Input/Output section. The test for nega- 
tive or zero (TST) instruction is included in the 
read-modify-write instruction though it does not per- 
form the write. Refer to table 2. 


BRANCH INSTRUCTIONS - The branch instruc- 
tions cause a branch from the program when a cer- 
tain condition is met. Refer to table 3. 


BIT MANIPULATION INSTRUCTIONS - The ins- 
tructions are used on any bit in the first 256 bytes of 
the memory. One group either sets or clears. The 
other group performs the bit test and branch oper- 
ations. Refer to table 4. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec- 
ommended that all DDR bits in a port must be writ- 
ten using a single-store instruction. 

CONTROL INSTRUCTION - The contro! instruc- 
tions control the MCU operations during program 
execution. Refer to table 5. 

ALPHABETICAL LISTING - The complete instruc- 
tion set is given in alphabetical order in table 6. 
OPCODE MAP - Table 7 is an opcode map for the 
instruction used on the MCU. 
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6ov 
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ve/ed 


Addressing Modes 
Indexed Indexed Indexed 
eumenrae | Direct =| Extended | (no otis) (8 bit ase (16 bit offset) 
Op Op | # # Op| # Op Op | # Op | # # 
Code oe ae Code|Bytes|Cycles|Code/Bytes es a bi ee Code|Bytes Sie Code|Bytes;Cyciles 


[Load Atom Memoy | UDA [as [2 | 2 | 85 r+ [4 [este] 5 [os[s | 6 
coremar tae eter tele pete ete eet eee 
[store Ain Memory | sta | | | [e7]2|s [ora] «|r|1]s [ele] 6 [or7[a|7_ 
CS i a a se ee 


(ee) 


|Add MemorytoA | ADD | AB| 2 | 2 | BB | 2 | 4 | CB | 5 | DB | 3 | 
Fl Kilda al el al al dled Ba ll ol 
Carry to A 

| Subtract Memory _| | Subtract Memory _| rae Sites ee) i S| Do | “3. | 3 


Es ld lela al ee Bad all ul a al i Dal al 
A with Borrow 

[AND MemorytoA | AND |aa[ 2] 2 [ea|a| « | ca SEB CARRIES 
raa|e | 2 [eal2 | oa Poa 2 | 6 


nd ll Bl Hl el Hal Nt Mal a ald al al al al 
with A 

= pall lal Hal a al Gl aM Gl Ll al Dal al 
with mee 

El Ml i Bl all dal al Ud a le el nd a a 
with Memory 

Ee a 
(logical eee) 

‘Jump Unconditional | uMP |_| rs [4 |ee[7| 3 lec[2| 4 [ools| s 
Ee ee a A A SE a 


“SUOI}ONI}SuU| PEEP: > | oqeL 


€nsos9ss 


OEP 
vEe/ve 


NOSWOHL-S9S thy 
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Addressing Modes 


Indexed Peon 
Op Op 7H # 
me cis pea eee eve oe te eres oe me ere Code ais Cycles 


i a a A 


Rotate Left | Rotate Left Thru Carry | ru | Rotate Left Thru Carry| ROL | ae ee eee 


Rotate Right Thru 2 a 
Shalit 


Logics Sutton | vs | e{ 1 |* [se {7|«fe{e[e,~sl[i|s ae 
fag Doe pete Pepe pete fete tet pete ts tr 
pata stm [asm [a7 [ye for aor 


Test for Negative or TST 4D 4 3D i i 
Zero 


€nsodsg9ss 


PEL SIWUM-AjIpoy Peay : Z a1qeL 
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Table 3 : Branch Instructions. 


TT re itive Accressing Mode 


: Op # 
| Famsion | avomontc | cSte | exten | cytion 


# 
Cycles 


Peranch FFEqal —~—~S~S~*~“‘“~*S*~*~rSSCiESC*dYSCa sd 
28 
2 

} 


; , 
- - 


ine) 
fs 


| 
; 


Branch IFF interrupt line is low. 
Branch IFF interrupt line is high. 
Branch to Subroutine 


Table 4 : Bit Manipulation Instructions. 


Bit Set/Clear Bit Test and Branch 
Function Op # # Op # 4 
Code | Bytes | Cycles; Code | Bytes | Cycles 


[erenchiFFbin eect | BASETAG@=o7H |_| r 


3 
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Table 5 : Control Instructions. 


# # 
Bytes Cycles 
2 


1 


Function 


Transfer A to X 7 
Transfer X to A 

Set Carry Bit 

Clear Carry Bit 

Set Interrupt Mask Bit 
Clear Interrupt Mask Bit 
Software Interrupt 
Return from Subroutine 


| M 
-}m 
OO} 


ae) 
=| 
” 


2) 
co 
> 


so) 


Return from Interrupt T 


Reset Stack Pointer 


a) 
ep) 
~y 


No Operation NOP 


op) 
m 
= xe] 
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Table nan Instruction Set. 


Addressing Modes Condition | Condition Code _| 


ae rae ae Bit 
-EEEE ” 6 [ot me bp hbl 


g 


CS 


+}. 


aE 
Tlignit 


2 eee ee a ee ane (ne ee eae | 

mas | | {| | {| x | {| J | | [elelejele| 

pemc | | | | fo fe fo fo lo 

jemi | | x fe fe fo fe fo | 

eae ea) aan (ARN (se ee ee ee ee 
eee ee ae a! 
(ees a PY 


Condition Code Symbols : Z Zero. 

H Half Carry (from bit 3). C Carry/Borrow. 

| Interrupt Mask. 2 Test and Set if True. Cleared Otherwise. 
N Negative (sign bit). e Not Affected. 
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ae Instruction Set (continued). 


Addressing Modes Condition Code 


Bit 
ae eae Indexed Bit 
HP EEE te) [06 fate |S 


2) 
= 
U 
i 
Boe 
oe 
HET 
pon 
BRE 


A 


i?) 
U 
x< 
i 
> » 
i 


Pe 
2 
Oey 


eon | 


Ae 
ia 
> 


Sedeeaaans 
i 
ES 


; 
<p 
x< 


i 
ep) 
D 
> 
i 


LDA 
LDX 


- 
» 
Fi 


- 
B 

m 
- 

x< 


NEQ 


‘ 

7 

; 
eeeett 

ee 

Ea 


ORA 


za 

O 

UV 
sine 
ELL 
Be 
il 
EL 
ele 
Fala 
pac 


Condition Code Symbols : C Carry/Borrow. 

H Half Carry (from bit 3) 6 Test and Set if True. Cleared Otherwise 
| Interrupt Mask. e Not Affected. 

N Negative (sign bit). 2 Load CC Register from Stack. 

Z Zero 
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EF6805 HMOS FAMILY 


z 
PBidrectonal VOLines | 20 | 20 | 2 | 2% | a | a 
[Nene 
2 2 


EF6805P6 | EF6805R2 | EF6805R3 | EF6805U2 | EF6805U3 


20 24 24 
+p 2 [ 2 | 2 | 24 
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9EV 


vVe/OE 


PERERRE EL 
eee TEE 


SOINOULITTZOVIIN 
NOSWOHL-S)S LS 


Bit Manipulation Branch Read-Moadify-Write contol 
[sre : D IN INH AM 
1000 0010 0911 | 0100 0101 0110 Ott 1000 | 3 ni 
4 3 
‘BASETO "BSETO Bt SUB 
. IN “ ‘ 


BRCLRO " BCLAG BR 


ae INDY wel J 


BASET2 " aseT2 cc "USRA * Usrx 
A ) INH 
6 4 4 7 
‘BRSETS "BSET3 ROR RORA RORX ROR 
1A 1 IN} 1 IN} 


an 


6 4 4 ? 
‘BRCLAS "ACLA3 ASR ASRA ASRX ASR 
Bir | 3 INH TY INH 
6 4 4 * 2 
BRSETA "SETA nee LSL LSLA LSLX LSL LSL — EOR 


OR | ° NH | ot IN} im} 4 1% IMM 


CQ 
2 ie 
QO ve 


1 
’ a 6 6 2 8 
BACLAS BCLR6 BMS TST TSTA TSTX TST TST | | NOP Ie BSR 
R tA ! INH inte 3 tx t iNW REL 
iM 
? ° 
a BRCLA7. {BCLA? BIH CLR CLRA CLRX CLA | CLR * TxA 
2 REL | 2 orn} 3 NM} iNw | 2 ixt [ot 1x ’ INH 


Abbraviations for Address Modes 


INH Inherent 

IMM Immediate 

DIR Direct 

EXT Extended # of Cycles 
REL Relative Mnemonic 
BSC Bit Set/ Clear Bytes 
BTB Bit Test and Branch 

1x Indexed (No Offset) 

1x1 Indexed, | Byte (8-Bit) Offset 


1x2 Indexed ? Byte (16-Bit) Offset 


4 5 
iM 
3 


Register/ Memo 
OIR i 


8 D 
1911 1100 ' 1191 1119 


eto | 
ar ae eer 


4 6 4 4 / 6 
3 a Sm 4 Ne +E INH mt ft ix ge 2 aire 2 


‘BACLRA BCLRA 
7 4 6 4 4 ? 6 
'BRSETS BSET5 BPL DEC DECA DECX DEC DEC ORA ORA 
ara | 9 8 4 q iad iNet Nm! 2 xrie x ' ae z MANY [ 2 OIA 
7 a ' 4 
sBRCLAS BcLAs | aM | | ; a SEI ADD ADD 
eral? ascl2. ae | : no | mM ORs 3 
3 € 3 4 . to 2 
Cc "BRSETE BSET6 38MC INC INCA INCX | INC | INC RSP JMP 
110 8T8 8 a OR 1 INH 1 IN 'rt ix { INH 2 OIA 
3 4 ™ 


JSR 


Oe ONCOCOCN cele 
ExT 
a ae ee 1 , "1 


LEGEND 


Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 


2a\qeL 


‘dey apoodo jas uolyonsjsuy Aylwe4 SOWH S089 


ENSOs89sg 


PACKAGE MECHANICAL DATA 
40 PINS — PLASTIC PACKAGE 


| 16 Imax. 
| | 051 mn 
i | 


(1) Nominal dimension 
(2) True geometrical position 


AD pans 


44 PINS — PLASTIC PACKAGE 
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ORDERING INFORMATION 


The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS- THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 


To initiate a ROM pattern for the MCU, it is necess- 
ary to first contact your local S@S-THOMSON re- 
presentative or distributor. 


EPROMs 


Two 2716 or one 2732 type EPROMs, programmed 
with the customer program (positive logic sense for 
address and data), may be submitted for pattern 
generation. The EPROM must be clearly marked to 
indicate which EPROM corresponds to which ad- 
dress space. The recommended marking proce- 
dure is illustrated below : 


XXX = Customer ID 


After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re- 
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica- 
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re- 
turned to SGS-THOMSON. The signed verification 
fofm constitutes the contractual agreement for cre- 
ation of the customer mask. If desired, SGS-THOM- 
SON will program on blank EPROM from the data 


file used to create the custom mask and aid in the 
verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi- 
ency they are usually unmarked, packaged in ce- 
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus not 
guaranteed by SGS-THOMSON. Quality Assur- 
ance, and should be discarded after verification is 
completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 


The customer must write the binary file name and 
company name on the disk with a felt-tip-pen. The 
mininum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6805 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con- 
sider submitting a source listing as well as the fol- 
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in- 
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft- 
ware errors and needs assistance quickly from 
SGS-THOMSON factory representatives. 


EFDOS is SGS-THOMSON’ Disk Operating Sys- 
tem available on development systems such as DE- 
VICE... 


MDOS* is MOTOROLA’s Disk Operating System 
available on development systems such as EXOR- 
ciser, ... 


* Requires prior factory approval. 


Whenever ordering a custom MCU is required,please contact your local SGS-THOMSON representative or 
SGS-THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to your 


local S@S-THOMSON Microelectronics. representative. 
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ORDER CODES 
EF6805U3 


Screen level 
Device 


Package Oper temp 


The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 


Oper. Temp Screening Level 
Device 


EF6805U3 


Package : C : Ceramic DIL, J : Cerdip DIL, P : Plastic DIL, E : LCCC, FN : PLCC 
Oper. temp. : L* : 0°C to + 70°C, V:— 40°C to + 85°C, T :— 40°C to + 105°C, * : may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B 


EXORciser is a registered trademark of MOTOROLA Inc 
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EF6805 FAMILY - MCU CUSTOMER ORDERING SHEET 


Commercial reference | | | | | | Customer name 


Customer’s marking 


Application 


ROM capacity required : 


Temperature range : 
LI] 0°C/+70°C 

LJ] -40°C/+85°C 
LJ -40°C/+105°C* 


Package 
LJ Plastic 
LJ PLCC 


PATTERN MEDIA (a listing may be supplied in addition 
for checking purpose) : 


EPROM Reference : 

J EFDOS/MDOS* disk file 
LJ 8" floppy 
LJ 5" 1/4 floppy 


Other * 


* Requires prior factory approval 


Yearly quantity forecast : 


CUSTOMER CONTACT NAME 


Company 
Address 
Phone 


Specification reference ; 
[J SGS-THOMSON Microelectronics reference 


Number of interrupt vector , | | 


Quality level : 
STD 
L} oD 


[J = Other* (customer's quality specification ref.) :. 


Software developed by : 

J SGS-THOMSON Microelectronics application lab. 
(J External lab. 

LJ Customer 


OPTION LIST 


-Oscillator input - Low voltage inhibit 
LJ Xtal J Enabled 
J RC I Disabled 


- Port A output drive : 
LJ CMOS and TTL 
LJ TTLonly 


- Port C output drive : 
LJ TTL 
LJ = Open drain 


start of production date : 
for a shipment period of : 


SIGNATURE : 
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TSTIN48 


DEVELOPMENT AND EMULATION TOOL 


TSTIN48 is a support for : 
« EF6805, EF6804 and TS68HC04 MCU Families 


SOFTWARE DEVELOPMENT ON IBM-PC 


DEVELOPMENT WITH TSTIN48 


TSTIN48 is apowertul, lowcost and user friendly stand 
alone development tool, fully dedicated to support the 
complete range of 4 and 8 bit MCU’s manufactured 
by SGS-THOMSON Microelectronics. 


TSTIN48 offers 2 RS 232 C Serial communication 
lines : 


— one to interface to a host computer IBM-PC which 
provides functions of human interface and soft- 
ware development. 


— the other is used for auxiliary systems such as a 
line printer. Eprom programmer or centralized 
mainframe. 


The whole development station comprises the host 
computer IBM-PC, TSTIN48 and a probe dedicated 
for MCU family. 


SOFTWARE DEVELOPMENT ON IBM-PC 


The choice of a standard personnal computer for 
Software purposes (MS DOS operating system) and 
for hardware (IBM-PC bus) is an important key to 
obtaining a full evolutive and open system. 


It offers access to a very large Software library. 
Full screen editor : word, wordstar... (2) 

Full range of development software 

— MPU and MCU cross assembler 

— linking editor. 

(2) Software available in library for IBM-PC. 


TSTIN48 INTERACTIVE SOFTWARE 


software supplied to control TSTIN48 offers the 
ability to use the advantages of the powerful archi- 
tecture hardware. 


a Meaningful mnemonics 

a Wide choice for characterising values 
(Decimal, Hexa, ASCII) 

a Aids to the operator when in difficulty 

« Full range of debugging aides 


— On line assembler/disassembler 

— 8 hardware breakpoints 

— 8 software breakpoints 

— Logic analyser triggered breakpoints 


— Execution program step by step in RAM and 
ROM area 


— Echo on line printer 

— Load and save program through RS 232 C 
connection 

— Memory check 


— Operator keyboard entry request can be 
chained in a command file 


— Self test of the entire system TSTIN48 + emu- 
lator probe at power up 


— Possibility to temporarily leave control of emu- 
lation session to access DOS routines, 
through the emulation session keeps acting. 


IBM-PC : is a registered trade mark of International Business Machine Corp. 
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EMULATION WITH TSTIN48 (*) 


An advanced architecture for total transparency and 
dynamic emulation. 


Thanks to the dual processor architecture (System 
bus and emulation bus), the emulated MPU or MCU 
operates independently of the other system proces- 
sors. 


Therefore, it is possible during execution, to list or 
modify emulator probe control parameters. 


OPEN ENDED 


— Switching from one MPU or MCU to another 
by changing only the emulator probe 


— Program execution without existing final ap- 
plication 


— Shared overlay memory (16 Kbytes) in blocks 
of 256 bytes 


— Write protect facility for individual blocks 
— 8 hardware and 8 software breakpoints over 


entire emulation space. 
REALTIME EMULATION 


With the transparency feature, the emulated proces- 
sor operates at 100% of the maximum speed spe- 
cified by the manufacturer. 


(“) Each emulator probe is delivered with an interac- 
tive software specific to each MPU or MCU family. 


LOGIC ANALYSER 


The logic analyser operates with 1024 words of 32 
bits (16 address, 8 data bits, 8 available to user). 


With sampling and trigger or recognition of mask- 
able words. Five operating modes are available. 


Emulator 
Probe 


TSTMUPS 


USER'S SELECTION GUIDE 


: Development| Emulator | Emulator : ‘ 


EF6805 | EF6805P2 TSTIN48 MC68705P3 TSR6805 
MC68705P3 
EF6805U2 MC68705U3 
EF6805R2 MC6805R2 
EF6805U3 MC68705U3 
EF6805R3 MC68705R3 
EF6804 | EF6804P2 MC68704P3 
EF68HC04P3 TSTEV04 


* Cross assembler included. 
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PIGGY-BACK EMULATION TOOL 


The EMU-04 is a printed board module, built around The EMU-04 includes MICRO, RAM, STACK, I/O 
EF68HCO4P3, and a standard EPROM. parts EPROM Data and Program Space. 


It fully emulates de EF68HCO04P3 in the final appli- The following block diagram describes it. 
cations, with the customer program stored in the 
board EPROM. 


PrAHALLEL 


REGISTERS 


SERIAL 


PARALLEL 


REGISTERS 


CONTROL 
LOGIC 
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SOFTWARE 


Instructions STOP & WAIT correctly work on piggy- 
back. Due to PAL & LS components of P.C. board, 
supply current does not meet Micro’s spec. It stands 
around 800mA as it does in RUN mode. 


2732 EPROM have been chosen (access time 
<X300nS) but 2764 or 27128 ones may be used, 


DESCRIPTION 


All EF68HCO4P3 fonctions are restored. Thus ap- 
plication is emulated in real time and user program 
may be modified. 


taking into account that : 

. Upper address bit must be correctly setted 

-~ program codes must stand in the lower 4Kbytes 
space 

. one have to wire a socket adaptor between 
EPROM & piggy-back EPROM socket. 


The DATA space and PROGRAM space are in 
EPROM space. ADDRESS $00 to $17 and $60 to 
$95F are unknown. 


EPROM MAPPING 


CLOCK 


Instead of using EF68HCO4P3 one can plug the 
piggy-back and use application clock, either quartz 


(pin EXTAL-XTAL) or CMOS levels (pin XTAL). 
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SELECTABLE OPTIONS 


As EF68HC04P3 device you can choose maskable . External power supply through DC supply plugs 
option on piggy-back board : on piggy-back board. 
- CLOCK : division by 1, 2, 4 Due to bipolar components V supply mustbe 5 volts. 
. IRQ: level or negative going edge. (0,8A). 
Two ways are available to supply the piggy-back : The following diagram shows where jumpers are lo- 
- Application supply (pin 3 of EF68CH02P3 cated. 

socket) 


EXTERNAL 
POWER 
SUPPLY 
PLUGS 


ea 
HU00n 


IRO 
oe 


LEVEL EDGE 
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SELF-CHECK 
A self-check program is available in EPROM to ver- cording to the following diagram. (Piggy-back self- 
ify piggy-back. To use it you must connect pins ac- check program is different than monochip one). 


(a) Frequency = ho/iq (X) 


PIN ASSIGNMENT 


i ii 


LSOO (6) itr afs 
LS74 
LSO0 (8) ‘als LS126 


h2jQA Alia 

ie LS90 

71B ac]s} 
paH6 7, 
ne 


X = Flashing (1S) 
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SALES OFFICES 


AUSTRALIA 


NSW 2027 EDGECLIFF 

Suite 211, Edgecliff centre 
203-233, New South Head Road 
Tel (61-2) 327 39 22 

Telex 071 126911 TCAUS 
Telefax (61-2) 327 61 76 


BRAZIL 


05413 SAO PAULO 
R Henrique Schaumann 286-CJ33 
Tel (55-11) 883-5455 
Telex (39-11) 37988 ‘‘UMBR BR”’ 


CANADA 


BRAMPTON, ONTARIO 
341 Main St North 

Tel (416) 455-0505 
Telefax 416-455-2606 


CHINA 


BEWING 

Beying No 5 Semiconductor 
Device Factory 

14 Wu Lu Tong Road 

Da Shang Mau Wai 

Tel (861) 2024378 

Telex 222722 STM CH 


DENMARK 


2730 HERLEV 
Herlev Torv, 4 

Tel (45-2) 94 85 33 
Telex 35411 

Telefax (45-2) 948694 


FRANCE 


94253 GENTILLY Cedex 
7 - avenue Gallien! - BP 93 
Tel (83-1) 47 40 75 75 
Telex 632570 STMHQ 
Telefax (33-1) 47 40 79 10 


67000 STRASBOURG 
20, Place des Halles 

Tel (33) 88 25 49 90 
Telex 870001F 

Telefax (33) 88 22 29 32 


HONG KONG 


WANCHAI 

22nd Floor - Hopewell centre 
183 Queen’s Road East 

Tel (852-5) 8615788 

Telex 60955 ESGIES HX 
Telefax (852-5) 8656589 


INDIA 


NEW DELHI 110048 

Liason Office 

$114, Greater Kailash Part 2 
Tel (91) 6414537 

Telex 31-62000 SGSS IN 


ITALY 
20090 ASSAGO (MI) 


V le Milanofion - Strada 4 - Palazzo A/4/A 


Tel. (39-2) 89213 1 (10 linee) 
Telex 330131 - 330141 SGSAGR 
Telefax (39-2) 8250449 


40033 CASALECCHIO DI! RENO (BO) 
Via R Fucein, 12 

Tel (39-51) 591914 

Telex 512442 

Telefax (39-51) 591305 


00161 ROMA 

Via A Torlonia, 15 

Tel (39-6) 8443341/2/3/4/5 
Telex 620653 SGSATE | 
Telefax (39-6) 8444474 


JAPAN 


TOKYO 108 

Nisseki - Takanawa Bid 4F 
2-18-10 Takanawa 
Minato-Ku 

Tel (81-3) 280-4121 
Telefax (81-3) 280-4130 


KOREA 


SEOUL 121 

8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 

Tel (82-2) 552-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 


NETHERLANDS 


5612 AM EINDHOVEN 
Dillenburgstraat 25 

Tel (381-40) 550015 
Telex 51186 

Telefax (31-40) 528835 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Kio - Industrial Park 2 
Tel (65) 4821411 

Telex RS 55201 ESGIES 

Telefax (65) 4820240 


SPAIN 


08021 BARCELONA 

Calle Platon, 6 4'" Floor, 5'" Door 
Tel (34-3) 202201 7-2020316 
Telefax (34-3) 2021461 


28027 MADRID 

Calle Albacete, 5 

Tel (34-1) 4051615 
Telex 27060 TCCEE 
Telefax (34-1) 4031134 


SWEDEN 


S-16421 KISTA 
Borgarfjordsgatan, 13 - Box 1094 
Tel (46-8) 7939220 

Telex 12078 THSWS 

Telefax (46-8) 7504950 


SWITZERLAND 


1218 GRAND-SACONNEX (GENEVE) 
Chemin Frangois-Lehmann, 18/A 

Tel (41-22) 7986462 

Telex 415493 STM CH 

Telefax (41-22) 7984869 


TAIWAN 


TAIPEI 

12th Floor 

571, Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 


UNITED KINGDOM 


MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 

Tel (44-628) 890800 
Telex 847458 

Telefax (44-628) 890391 


U.S.A. 


NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 

Phoenix, AZ 85022-2699 
(1)-(602) 867-6340 


SALES COVERAGE BY STATE 


ALABAMA 
Huntsville - (205) 533-5995 


ARIZONA 
Phoenix - (602) 867-6340 


CALIFORNIA 
Irvine - (714) 250-0455 
San José - (408) 452-8585 


COLORADO 
Boulder (3803) 449-9000 


GEORGIA 
Norcross - (404) 242-7444 


ILLINOIS 
Schaumburg - (312) 517-1890 


MARYLAND 
Columbia - (301) 995-6952 


MASSACHUSSETTS 
Waltham - (617) 890-6688 


NEW JERSEY 
Voorhees - (609) 772-6222 


OREGON 
Tigard - (503) 620-5517 


TEXAS 
Austin - (512) 339-4191 
Carrollton - (214) 466-8844 


WASHINGTON 
Seattle - (206) 524-6421 


FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICES IN THE USA 


CALIFORNIA 
Hawthorne - (213) 675-0742 


NEW JERSEY 
Totowa - (201) 890-0884 


PENNSYLVANIA 
Montgomeryville - (215) 362-8500 


TEXAS 
Carrollton - (214) 466-8844 


SALES OFFICES 


WEST GERMANY 


6000 FRANKFURT M1 
Gutleutstrabe 322 

Tel (49-69) 237492 

Telex 176997 689 
Telefax (49-69) 231957 
Teletex 6997689 =STVBP 


8011 GRASBRUNN 
Bretonischer Ring 4 
Neukeferloh Technopark 
Tel . (49-89) 460060 

Telex 528211 

Telefax (49-89) 4605454 
Teletex 897107=STDISTR 


3000 HANNOVER 1 
Eckenerstrasse 5 

Tel (49-511) 634191 
Telex 175118418 
Teletex 5118418 csfbeh 
Telefax (49-511) 633552 


8500 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel (49-911) 597032 
Telex 626243 

Telefax (49-911) 5980701 


5200 SIEGBURG 
Frankfurter Str 22a 

Tel (49-2241) 660 84-86 
Telex 889510 

Telefax (49-2241) 67584 


7000 STUTTGART 1 
Oberer Kirchhaldenweg 135 
Tel (49-711) 692041 

Telex 721718 

Telefax (49-711) 691408 


Information furnished ts believed to be accurate and reliable However, SGS-THOMSON Microelectronics assumes no responsibility for 
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from 
its use No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics Specifica- 
tions mentioned in this publication are subject to change without notice This publication supersedes and replaces all information previou- 
sly supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems 
without express written approval of SGS-THOMSON Microelectronics. 
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